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(54) EXCHANGE COUPLING FILM, MAGNETORESISTANCE EFFECT ELEMENT, HEAD USING 
THE SAME AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve thermal stability 
and to increase an MR ratio using an Fe-M-O layer as a 
magnetization rotation suppressing layer. 
SOLUTION: An Fe-M-0 layer 2 and a ferromagnetic 
layer 3 are successively laminated on a substrate 1 on 
an exchange coupling film 100, and the Fe-M-O layer 2 
is used as a magnetization rotation suppressing layer 
with which an exchange bias magnetic field works on the 
ferromagnetic layer 3. The Fe-M-O layer 2 is formed by 
adding the third element to Fe-0 which is a magnetic 
rotation suppressing layer, and it is defined that the 
atomic composition ratio of an Fe-M added metal and 
oxygen O is 1.2-1.6. By adding the third element M to 
Fe-M, which is a magnetization rotation suppressing 
layer, in such a manner that their atomic composition 
ratio becomes 1.2 to 1.6, the pin-locking effect of 
magnetization of a fixed layer can be improved. Besides, 
an Fe-M-O layer, in which a part of Fe atoms is 
replaced by the atoms such as Al, Ti, Co, Mn, Cr, Ni and 

V, etc., in an Fe-O layer which is an oxide layer og Fe, is used as the magnetization rotation 
suppressing layer. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the switched connection film with which it is the switched connection film 
containing the magnetization rotation control layer which consists of a substrate and multilayers, 
these multilayers adjoin a ferromagnetic layer and this ferromagnetic layer, is prepared, and 
controls magnetization rotation of this ferromagnetic layer, and this magnetization rotation 
control layer contains the Fe-M-O layer (M=aluminum, Ti, Co, Mn, Cr, nickel, V). 
[Claim 2] This magnetization rotation control layer is the switched connection film containing 2 
(Fe1-XMX)03 layers (M=aluminum, Ti t Co, Mn, Cr, nickel and V, 0.01<=x<=0.4) according to claim 
1. 

[Claim 3] This magnetization rotation control layer is switched connection film according to claim 
1 which contains the NiO layer further. 

[Claim 4] this magnetization rotation control layer — Fe-WT -O layers (M'=aluminum, Ti, Co, Mn, 
Cr, nickel, V) — further — containing — **** — this Fe-WT — the switched connection film 
according to claim 1 with which -O layers differ in the presentation of an element from this Fe- 
M-O layer. 

[Claim 5] Switched connection film according to claim 1 whose surface roughness of these 
multilayers is (X5nm or less of outlines. 

[Claim 6] The thickness of this magnetization rotation control layer is 5nm or more switched 
connection film according to claim 1 which is 100nm or less. 

[Claim 7] The thickness of this magnetization rotation control layer is 5nm or more switched 
connection film according to claim 6 which is 50nm or less. 

[Claim 8] Switched connection film according to claim 1 with which the switched connection film 
is heat-treated at 1 50-degree-C-350 degree C in the field after this magnetization rotation 
control layer and this ferromagnetic layer are formed. 

[Claim 9] Consist of a substrate and multilayers and these multilayers contain at least two 
ferromagnetic layers, non-magnetic layers, and the magnetization rotation control layer that 
controls one magnetization rotation of this ferromagnetic layer. The laminating of this 
ferromagnetic layer is carried out on both sides of this non-magnetic layer. At least one of these 
ferromagnetic layers It is the fixed bed to which the magnetization direction was fixed by this 
magnetization rotation control layer prepared in the opposite side of this non-magnetic layer in 
contact with this ferromagnetic layer of another side to this one ferromagnetic layer, this — At 
least one of these ferromagnetic layers is the free layer which the magnetization direction can 
rotate freely. It is the magneto-resistive effect component in which it is the magneto-resistive 
effect component from which electric resistance changes with change of whenever [ angular 
relation / of the magnetization direction of this fixed bed, and the magnetization direction of this 
free layer ], and this magnetization rotation control layer contains the Fe-M-O layer 
(M=aluminum, Ti, Co, Mn, Cr. nickel, V). 

[Claim 1 0] This magnetization rotation control layer is a magneto-resistive effect component 
containing 2 (Fe1-XMX)03 layers (M=aluminum, Ti, Co, Mn, Cr, nickel and V, 0.0K=x<=0.4) 
according to claim 9. 

[Claim 1 1] This magnetization rotation control layer is a magneto-resistive effect component 
according to claim 9 which contains the NiO layer further. 

[Claim 12] this magnetization rotation control layer — Fe-M' -O layers (M -aluminum, Ti, Co, Mn, 
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Cr, nickel, V) — further — containing — — this Fe-M' — the magneto-resistive effect 
component according to claim 9 from which -O layers and this Fe-M-O layer differ in the 
presentation of an element. 

[Claim 13] The magneto-resistive effect component according to claim 9 whose surface 
roughness of these multilayers is 0.5nm or less of outlines. 

[Claim 14] The thickness of this magnetization rotation control layer is a 5nm or more magneto- 
resistive effect component according to claim 9 which is 100nm or less. 

[Claim 15] The thickness of this magnetization rotation control layer is a 5nm or more magneto- 
resistive effect component according to claim 14 which is 50nm or less. 

[Claim 16] The magneto-resistive effect component according to claim 9 by which the magneto- 
resistive effect component is heat-treated at 1 50-degree-C-350 degree C in the field after this 
magnetization rotation control layer and this ferromagnetic layer are formed. 

[Claim 17] On a substrate these multilayers The 1st magnetization rotation control layer, the 1st 
fixed bed, and the 1 st non-magnetic layer, the free layer which consists of a ferromagnetic, the 
2nd non-magnetic layer, the 2nd fixed bed, and the 2nd magnetization rotation control layer — 
one by one — a laminating — carrying out — changing — this — the 1 st magnetization rotation 
control layer a Fe-M-O layer (M=aluminum, Ti, Co, ft/In, Cr, nickel, V) — containing — — 
this — the 1 st magnetization rotation control layer — the magnetization direction of this 1 st 
fixed bed — fixing — this — the magneto-resistive effect component according to claim 9 to 
which the 2nd magnetization rotation control layer fixes the magnetization direction of this 2nd 
fixed bed. 

[Claim 18] this — the magneto-resistive effect component according to claim 17 in which the 
1st magnetization rotation control layer contains 2 (Fe1-XMX)03 layers (M=aluminum, Ti, Co, 
Mn, Cr, nickel and V, 0.01<=x<=0.4). 

[Claim 19] this — the magneto-resistive effect component according to claim 17 in which the 
2nd magnetization rotation control layer contains either NiO or a Fe-M-O layer (M=aluminum, Ti, 
Co, Mn, Cr, nickel, V). 

[Claim 20] This free layer is a magneto-resistive effect component containing the 3rd non- 
magnetic layer and the magnetic layer more than twoHayer [ by which the laminating was carried 
out on both sides of this 3rd non-magnetic layer ] according to claim 9. 
[Claim 21] This free layer is a magneto-resistive effect component containing the 3rd non- 
magnetic layer and the magnetic layer more than twoHayer [ by which the laminating was carried 
out on both sides of this 3rd non-magnetic layer ] according to claim 1 7. 
[Claim 22] This fixed bed is a magneto-resistive effect component containing the 3rd non- 
magnetic layer and two magnetic layers which carried out switched connection in 
antiferromagnetism through this 3rd non-magnetic layer according to claim 9. 
[Claim 23] One fixed bed is a magneto-resistive effect component containing two magnetic 
layers which carried out switched connection in antiferromagnetism through the 3rd non- 
magnetic layer and this 3rd non-magnetic layer even if there was none of these ** according to 
claim 17. 

[Claim 24] A magneto-resistive effect mold head equipped with the shielding gap section which 
insulates a magneto-resistive effect component according to claim 9, this magneto-resistive 
effect component, and the shielding section. 

[Claim 25] A magneto-resistive effect mold head equipped with a magneto-resistive effect 
component according to claim 9 and the York section which introduces the field which should be 
detected to this magneto-resistive effect component. 

[Claim 26] Consist of a substrate and multilayers and these multilayers contain at least two 
ferromagnetic layers, non-magnetic layers, and the magnetization rotation control layer that 
controls magnetization rotation of this ferromagnetic layer. Even if there is none of these ##, the 
laminating of the two ferromagnetic layers is carried out on both sides of this non-magnetic 
layer. At least one of these ferromagnetic layers By this magnetization rotation control layer 
prepared in the opposite side of this non-magnetic layer in contact with this ferromagnetic layer 
to this ferromagnetic layer It is the fixed bed to which the magnetization direction was fixed. At 
least one of these ferromagnetic layers The 1 st process which the magnetization direction is the 
free layer which can be rotated freely, is the manufacture approach of a magneto-resistive 
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effect component that electric resistance changes with change of whenever [ angular relation / 
of the magnetization direction of this fixed bed, and the magnetization direction of this free 
layer ], and forms this magnetization rotation control layer on a substrate, The 2nd -process 
which carries out the laminating of this fixed bed, this non-magnetic layer, and this free layer 
one by one is included on this magnetization rotation control layer. This 1st process The 
manufacture approach of the magneto-resistive effect component which includes the process 
which carries out sputtering of the target with which the main components consist of Fe-M-0 
(M=aluminum, Ti, Co, Mn. Cr, nickel, V). 

[Claim 27] On a substrate, the 1st magnetization rotation control layer, the 1st fixed bed, and 
the 1 st non-magnetic layer, The multilayers which carry out the laminating of the free layer 
which consists of a ferromagnetic, the 2nd non-magnetic layer, the 2nd fixed bed, and the 2nd 
magnetization rotation control layer one by one, and change are included. The 2nd magnetization 
rotation control layer fixes the magnetization direction of this 2nd fixed bed. this — the 1st 
magnetization rotation control layer — the magnetization direction of this 1st fixed bed — fixing 
— this — It is the manufacture approach of a magneto-resistive effect component that electric 
resistance changes with change of whenever [ angular relation / of the magnetization direction 
of this 1st fixed bed and the magnetization direction of this 2nd fixed bed, and the magnetization 
direction of this free layer ]. this substrate top — this — the 1st process which forms the 1st 
magnetization rotation control layer — this — with the 2nd process which carries out the 
laminating of this 1st fixed bed, this 1st non-magnetic layer, this free layer, this 2nd non- 
magnetic layer, and this 2nd fixed bed one by one on the 1st magnetization rotation control layer 
The 3rd process which forms the 2nd magnetization rotation control layer is included, this — a 
2nd fixed-bed top — this — this 1st process and this 3rd process The manufacture approach of 
the magneto-resistive effect component which includes the process which carries out sputtering 
of the target with which the main components consist of Fe-WJ-O (M=aluminum, Ti, Co, Mn, Cr, 
nickel, V). 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the magneto- 
resistive effect mold head suitable for the high density magnetic-recording playback which 
consists of switched connection film for fixing the magnetization direction of a ferromagnetic, 
and a low field constituted using it using the magneto-resistive effect component and it which 
cause a big magnetic-reluctance change, and a magneto-resistive effect component. 
[0002] 

[Description of the Prior Art] In recent years, the densification of a hard disk drive is remarkable 
and its advance of the playback magnetic head which reads the magnetization recorded on the 
medium is also remarkable. The magneto-resistive effect component (henceforth "MR 
component") called the spin bulb which used giant magneto-resistance especially is briskly 
studied as what raises sharply the sensibility of the magneto-resistive effect mold head 
(henceforth an "MR head") used now. 

[0003] Two ferromagnetic layers are arranged through a non-magnetic layer, and MR component 
fixes the magnetization direction of one ferromagnetic layer (henceforth the "fixed bed") by the 
exchange bias field by the magnetization rotation control layer (the ferromagnetic layer at this 
time and a magnetization rotation control layer are doubled, and it is called the "switched 
connection film".). The ferromagnetic layer of another side (it is also called a "free layer" below.) 
By moving the magnetization direction comparatively freely according to an external magnetic 
field, whenever [ angular relation / of the magnetization direction of the fixed bed and the 
magnetization direction of a free layer ] is changed, and change of electric resistance is 
produced. 

[0004] It is related with the ingredient used for MR component. As a ferromagnetic layer NiFe, It 
is what used Fe-Mn as Cu and a magnetization rotation control layer as a non-magnetic layer, 
and is magnetic reluctance rate of change (it is called "MR ratio" below.). About 2% of thing was 
proposed (). [journal ] OBU MAGUNETIZUMU and — Magnetic MATERIARUZU 93 The 101st 
page (1991) (101 93 Journal of Magnetism and Magnetic Materials p 1991). Thus, the thing using 
FeMn as a magnetization rotation control layer has small MR ratio, and blocking temperature 
(temperature whose magnetization fixed effect of the fixed bed by the magnetization rotation 
control layer is lost) is not high enough, and since a difficulty is in the corrosion resistance of 
the FeMn itself, MR component using various magnetization rotation control layers other than 
FeMn is proposed. 

[0005] MR component which used NiO and the oxide of alpha-Fe 203 grade as a magnetization 
rotation control layer especially can expect a large thing as by leaps and bounds [ MR ratio ] as 
1 5% or more. 
[0006] 

[Problem(s) to be Solved by the Invention] However, blocking temperature of NiO is not high 
enough. For this reason, there is a problem in the thermal stability of MR component using NiO. 
[0007] Moreover, when MR component using the magnetization rotation control layer which 
consists of alpha-Fe 203 has the thin thickness of the magnetization rotation control layer, the 
reversal field of the fixed bed does not become sufficiently large. In the case of MR component 
which has the structure in which 203 layer of alpha-Fe were formed on the case of MR 
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component which has dual spin bulb structure especially, or the fixed bed, the inclination for the 
reversal field of the fixed bed not to become sufficiently large in 203 layer of upside alpha-Fe is 
remarkable. Moreover, it occurs [ the technical problem of the same thermal stability as NiO 
occurs, and / the technical problem of the anisotropy control in heat treatment / at the time of 
membrane formation in a field or low temperature / among a field ] further and is not practical. 
[0008] The purpose of this invention has good thermal stability, and it is to acquire the 
manufacture approach of the switched connection film in which big MR ratio is shown, MR 
component, an MR head, and MR component. 
[0009] 

[Means for Solving the Problem] The switched connection film concerning this invention consists 
of a substrate and multilayers, these multilayers are switched connection film containing the 
magnetization rotation control layer which adjoins a ferromagnetic layer and this ferromagnetic 
layer, is prepared, and controls magnetization rotation of this ferromagnetic layer, this 
magnetization rotation control layer contains the Fe-M-O layer (M=aluminum, Ti, Co, Mn, Cr, 
nickel, V), and, thereby, the above-mentioned purpose is attained. 
[0010] This magnetization rotation control layer may contain 2 (Fe1-XMX)03 layers 
(M=aluminum, Ti, Co, Mn, Cr f nickel and V, 0.01<=x<=0.4). 

[001 1] This magnetization rotation control layer may contain the NiO layer further. 
[0012] This magnetization rotation control layer contains further the Fe-M -O layer 
(M -aluminum, Ti, Co, Mn, Cr, nickel, V), and is this Fe-M\ - O layers may differ in the 
presentation of an element from this Fe-M-O layer. 

[0013] The surface roughness of these multilayers may be 0.5nm or less of outlines. 

[0014] The thickness of this magnetization rotation control layer may be 5nm or more 100nm or 

less. 

[0015] The thickness of this magnetization rotation control layer may be 5nm or more 50nm or 
less. 

[0016] After this magnetization rotation control layer and this ferromagnetic layer are formed, 
the switched connection film may be heat-treated at 1 50-degree~C-350 degree C in the field. 
[0017] The magneto-resistive effect component concerning this invention consists of a 
substrate and multilayers. These multilayers At least two ferromagnetic layers, non-magnetic 
layers, and the magnetization rotation control layer that controls one magnetization rotation of 
this ferromagnetic layer are included. The laminating of this ferromagnetic layer is carried out on 
both sides of this non-magnetic layer. At least one of these ferromagnetic layers It is the fixed 
bed to which the magnetization direction was fixed by this magnetization rotation control layer 
prepared in the opposite side of this non-magnetic layer in contact with this ferromagnetic layer 
of another side to one ferromagnetic layer, this — At least one of these ferromagnetic layers is 
the free layer which the magnetization direction can rotate freely. It is the magneto-resistive 
effect component from which electric resistance changes with change of whenever [ angular 
relation / of the magnetization direction of this fixed bed, and the magnetization direction of this 
free layer ], and this magnetization rotation control layer contains the Fe-M-O layer 
(M=aluminum, Ti, Co, Mn, Cr, nickel, V), and, thereby, the above-mentioned purpose is attained. 
[0018] This magnetization rotation control layer may contain 2 (Fe1-XMX)03 layers 
(M=aluminum, Ti, Co, Mn, Cr, nickel and V, 0.01<=x<=0.4). 

[0019] This magnetization rotation control layer may contain the NiO layer further. 
[0020] This magnetization rotation control layer contains further the Fe-M-O layer 
(M -aluminum, Ti, Co, Mn, Cr, nickel, V), and is this Fe-M\ - O layers may differ in the 
presentation of an element from this Fe-M-O layer. 

[0021] The surface roughness of these multilayers may be 0.5nm or less of outlines. 

[0022] The thickness of this magnetization rotation control layer may be 5nm or more 100nm or 

less. 

[0023] The thickness of this magnetization rotation control layer may be 5nm or more 50nm or 
less. 

[0024] After this magnetization rotation control layer and this ferromagnetic layer are formed, 
the magneto-resistive effect component may be heat-treated at 150-degree-C-350 degree C in 
the field. 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgLejje 



2004/06/28 



3/13 



[0025] On a substrate these multilayers The 1 st magnetization rotation control layer, the 1 st 
fixed bed, and the 1st non-magnetic layer, the free layer which consists of a ferromagnetic, the 
2nd non-magnetic layer, the 2nd fixed bed, and the 2nd magnetization rotation control layer — 
one by one — a laminating — carrying out — changing — this — the 1st magnetization rotation 
control layer a Fe-M-O layer (M=aluminum, Ti, Co, Mn, Cr, nickel, V) — containing — *w — 
this — the 1st magnetization rotation control layer — the magnetization direction of this 1st 
fixed bed — fixing — this — the 2nd magnetization rotation control layer may fix the 
magnetization direction of this 2nd fixed bed. 

[0026] this — the 1st magnetization rotation control layer may contain 2 (Fe1-XMX)03 layers 
(M=aluminum. Ti, Co, Mn, Cr, nickel and V, 0.01<=x<=0.4). 

[0027] this — the 2nd magnetization rotation control layer may contain either NiO or a Fe-M-O 
layer (M=aluminum, Ti, Co, Mn, Cr, nickel, V). 

[0028] This free layer may contain the 3rd non-magnetic layer and the magnetic layer more than 
two-layer [ by which the laminating was carried out on both sides of this 3rd non-magnetic 
layer ]. 

[0029] This free layer may contain the 3rd non-magnetic layer and: the magnetic layer more than 
two-layer [ by which the laminating was carried out on both sides of this 3rd non-magnetic 
layer ]. 

[0030] This fixed bed may contain the 3rd non-magnetic layer and two magnetic layers which 
carried out switched connection in antiferromagnetism through this 3rd non-magnetic layer. 
[0031] This fixed bed may contain the 3rd non-magnetic layer and two magnetic layers which 
carried out switched connection in antiferromagnetism through this 3rd, non-magnetic layer. 
[0032] The magneto-resistive effect mold head concerning this invention is equipped with the 
shielding gap section which insulates a magneto-resistive effect component according to claim 9, 
this magneto-resistive effect component, and the shielding section, and, thereby, the above- 
mentioned purpose is attained. 

[0033] Other magneto-resistive effect mold heads concerning this invention are equipped with a 
magneto-resistive effect component according to claim 9 and the York section which introduces 
the field which should be detected to this magneto-resistive effect component, and, thereby, the 
above-mentioned purpose is attained. 

[0034] The manufacture approach of the magneto-resistive effect component concerning this 
invention Consist of a substrate and multilayers and these multilayers contain at least two 
ferromagnetic layers, non-magnetic layers, and the magnetization rotation control layer that 
controls magnetization rotation of this ferromagnetic layer. Even if there is none of these the 
laminating of the two ferromagnetic layers is carried out on both sides of this non-magnetic 
layer. At least one of these ferromagnetic layers By this magnetization rotation control layer 
prepared in the opposite side of this non-magnetic layer in contact with this ferromagnetic layer 
to this ferromagnetic layer It is the fixed bed to which the magnetization direction was fixed, At 
least one of these ferromagnetic layers The 1st process which the magnetization direction is the 
free layer which can be rotated freely, is the manufacture approach of a magneto-resistive 
effect component that electric resistance changes with change of whenever [ angular relation / 
of the magnetization direction of this fixed bed, and the magnetization direction of this free 
layer ], and forms this magnetization rotation control layer on a substrate, The 2nd process 
which carries out the laminating of this fixed bed, this non-magnetic layer, and this free layer 
one by one is included on this magnetization rotation control layer. This 1st process The process 
which carries out sputtering of the target with which the main components consist of Fe-M-O 
(M=aluminum, Ti, Co, Mn, Cr, nickel, V) is included, and, thereby, the above-mentioned purpose is 
attained. 

[0035] The manufacture approach of the magneto-resistive effect component concerning this 
invention On a substrate, the 1st magnetization rotation control layer, the 1st fixed bed, and the 
1 st non-magnetic layer. The multilayers which carry out the laminating of the free layer which 
consists of a ferromagnetic, the 2nd non-magnetic layer, the 2nd fixed bed, and the 2nd 
magnetization rotation control layer one by one, and change are included. The 2nd magnetization 
rotation control layer fixes the magnetization direction of this 2nd fixed bed. this — the 1st 
magnetization rotation control layer — the magnetization direction of this 1 st fixed bed — fixing 
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— this — It is the manufacture approach of a magneto-resistive effect component that electric 
resistance changes with change of whenever [ angular relation / of the magnetization direction 
of this 1 st fixed bed and the magnetization direction of this 2nd fixed bed, and the magnetization 
direction of this free layer ]. this substrate top — this — the 1st process which forms the 1st 
magnetization rotation control layer — this — with the 2nd process which carries out the 
laminating of this 1st fixed bed, this 1st non-magnetic layer, this free layer, this 2nd non- 
magnetic layer, and this 2nd fixed bed one by one on the 1 st magnetization rotation control layer 
The 3rd process which forms the 2nd magnetization rotation control layer is included, this — a 
2nd fixed-bed top — this — this 1 st process and this 3rd process The process which carries 
out sputtering of the target with which the main components consist of Fe-M-O (M=aluminum, 
Ti, Co, Mn, Cr, nickel, V) is included, and, thereby, the above-mentioned purpose is attained. 
[0036] 

[Embodiment of the Invention] The switched connection film, MR component, and the MR head 
which start this invention below are explained based on a drawing. 

[0037] The configuration of the switched connection film 100 of this invention is shown in 
drawing 1 . In drawing 1 , the laminating of the Fe-M-O layer 2 and the ferromagnetic layer 3 is 
carried out one by one on the substrate 1. The description of this invention is the point of 
making an exchange bias field acting on the ferromagnetic layer 3 using the Fe-M-O layer 2, as a 
magnetization rotation control layer. 

[0038] The Fe-M-O layer concerning this invention adds the third element M to Fe-O which is a 
magnetization rotation control layer, and defines it as that whose atomic composition ratios of a 
metal (what added Fe and M), and oxygen (O) are 1.2-1.6. 

[0039] By adding the third element M to Fe-O which is a magnetization rotation control layer, so 
that an atomic composition ratio may be set to 1.2—1.6, the pinning effectiveness of 
magnetization of the fixed bed becomes good by low-temperature heat treatment. An atomic 
composition ratio is desirably taken as the range of 1.35-1.55. 

[0040] the atomic composition ratio of a metal (what added Fe and M), and oxygen (O) — 1.2-1.6 

— the pinning effectiveness of the magnetization of the fixed bed by being out of range is not 
good. The pinning effectiveness deteriorates [ an atomic composition ratio ] or less in 1 .2. ft is 
not desirable, when an atomic composition ratio serves as a ferromagnetic with a Fe-M-O layer 
weak at 1.6 or more and it uses for an MR head. 

[0041] Next, it explains in more detail about MR component using the switched connection film 
100. 

[0042] An example of the sectional view showing the configuration of the MR component 200 of 
this invention in drawing 2 is shown. In drawing 2 , the laminating of the Fe-M-O layer 2, the 
fixed bed 3 t a non-magnetic layer 4, and the free layer 5 is carried out one by one on the 
substrate 1. Pinning of the magnetization direction of the fixed bed 3 which is a ferromagnetic is 
carried out by the exchange bias field by the Fe-M-O layer 2. Since it is magnetically separated 
from the fixed bed 3 by the non-magnetic layer 4, the magnetization direction of the free layer 5 
which is one ferromagnetic can be moved comparatively freely by the field from the outside of 
the MR component 200. 

[0043] Therefore, when the include angle of the magnetization direction of the fixed bed 3 and 
the magnetization direction of the free layer 5 changes relatively, the electric resistance of the 
MR component 200 changes. When using the MR component 200 as a magnetic-reluctance 
sensor, change of the electric resistance produced by the field from the outside of the MR 
component 200 can be read as an electrical signal. 

[0044] The description of this invention is the point of using the Fe-M-O layer 2, as a 
magnetization rotation control layer. As the conventional example described, MR component 
using alpha-Fe 203 shows big MR ratio. However, MR component using alpha-Fe 203 of the 
magnitude of the pinning field of the fixed bed 3 is inadequate (remarkable at 203 layer of alpha- 
Fe for up pinning at the time of considering as the structure which has the fixed bed especially 
in dual structure and a top), and the property improvement by heat treatment among a low- 
temperature field is not easy. 

[0045] In order to solve this trouble, in this invention, the Fe-M-O layer which permuted some 
Fe atoms by atoms, such as aluminum, Ti, Co, Mn t Cr, nickel, and V, as a magnetization rotation 
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control layer in the Fe-O layer which is an oxidizing zone of Fe is used 

[0046] At this time, it is desirable for the atomic composition ratios of a metal (what added Fe 
and M), and oxygen (O) to have been outlines 1 .2-1 .6. If some Fe atoms are permuted by 
aluminum, Ti, Mn t V t etc., the pinning effectiveness of the magnetization direction of the fixed 
bed 3 will become larger after heat treatment with a temperature of 150 to about 350 degrees C. 
Moreover if Co f nickel, etc. permute some Fe atoms, MR component which has a bigger pinning 
field the time of production of MR component and after heat treatment will be obtained. 
[0047] In the above, especially Mn and Co are effective in obtaining bigger MR ratio. Co is 
effective in especially acquiring a bigger pinning field. A presentation desirable although a bigger 
pinning field is acquired is 2 (Fe1-xMx)03 (M=aluminum, Ti, Co, Mn, Cr t nickel and V, 
0.01<=x<=0.4). 
It comes out. 

[0048] if x is too small — effectiveness — or if it enlarges not much; the pinning effectiveness 
must not fall on the contrary. Moreover, since it becomes the ferrimagnetic substance and a Fe- 
M-O layer is made to generate spontaneous magnetization when aluminum, Ti, Co, Mn, Cr and 
nickel which described Fe atom above, and other elements other than V permute, there is a 
problem. 

[0049] Since the pinning effectiveness of the magnetization direction of the fixed bed 3 will 
become weak if the thickness of the Fe-M-O layer 2 is too thin not much, at least 5nm or more 
of thickness of the Fe-M-O layer 2 is required, moreover, when the thickness of the Fe-M-O 
layer 2 is too thick, there needs to be a front face — since it becomes easy to generate 
magnetic association between *#, the free layer 5, and the fixed bed 3, the thickness of the Fe- 
M-O layer 2 is desirably good to be referred to [ 100nm or less ] as 50nm or less. In the case of 
MR component of dual structure, especially this condition is important. 
[0050] In addition, although a magnetization rotation control layer is usually the 
antiferromagnetic substance, it does not need to serve as the antiferromagnetic substance with 
the whole perfect magnetization rotation control layer as a role of the Fe-M-O layer 2 that what 
is necessary is just to be able to fix the magnetization direction of the fixed bed 3 in the fixed 
direction. For example, even if a part of magnetization rotation control layer serves as a weak 
ferromagnetic, paramagnetic material, and the ferrimagnetic substance, there should just be a 
fixed effect of the magnetization direction of the fixed bed 3. 

[0051] Usually, as a free layer 5 of an MR head, the nickel-Cp-Fe alloy is suitable. As an atomic 
composition ratio of a nickel-Co-Fe layer, it is desirable to use the soft magnetism layer of 
nickel-rich of NixCoyFeZ 0.6<=x<-0.90<=y<=0.40<=z<=#.3 or the Co-rich layer of Nix'Coy'Fez'O 
<=x'<=0.40.2 <=y'<=0.950 <=z'<=0.5. The layer of these presentations has the low 
magnetostriction property (1x10-5) demanded as a sensor or an object for MR heads. 
[0052] Moreover, as other ingredients of the free layer 5, the cascade screen of amorphous 
layers, such as Co-Mn-B, Co-Fe-B, Co-Nb-Zr, and Co-Nb-B, or the this amorphous layer and 
the above-mentioned nickel-Co-Fe layer is sufficient. 

[0053] The thickness of the free layer 5 has 1 nm or more good 1 Qnm or less. If the free layer 5 

is thick, MR ratio will fall by the shunt effect. If the free layer 5 is too thin, soft magnetic 

characteristics will deteriorate. 2nm or more 7nm or less is more desirably good. 

[0054] As the fixed bed 3, ingredients, such as Co or Co-Fe, and a nickel-Fe~Co alloy, are 

excellent. It is good for obtaining MR ratio especially with big, Co or Go-Fe alloy. Moreover, for 

obtaining big switched connection, the nickel-Fe^ and nickel-Fe~Co systems are desirable. 

Therefore, it is desirable to use nickel system film for an interface with the Fe-M-O layer 2, and 

to use Co system film for an interface with the non-magnetic layers 4, such as Cu. 

[0055] The thickness of the fixed bed 3 has 1nm or more good 10nm or less. Even if the fixed 

bed 3 is too thick and it is too thin. MR ratio falls. It is good to be more desirably referred to as 

1 nm or more 5nm or less. 

[0056] The multilayers which consist of two magnetic layers which carried out switched 
connection in antiferromagnetism through the non-magnetic layer 4 may be used for the fixed 
bed 3. Specifically, Co/Ru/Co is raised as the example. However, it is necessary to make 
thickness of Ru into the thickness in which two Co(es) carry out switched connection* in 
antiferromagnetism, and it is about 0.6nm in this case at this time. With the usual MR component, 
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when MR component becomes very small, there is a problem on which the bias field which is not 
desirable is impressed to the free layer 5 by the magnetic pole generated in the end face of the 
fixed bed 3. By considering as the configuration which consists of two magnetic layers which 
carried out switched connection of the fixed bed 3 in antiferromagnetism, a bias field is not 
impressed to the free layer 5, but the above-mentioned problem is solved. 
[0057] As a non-magnetic layer 4 between the free layer 5 and the fixed bed 3 t although there 
are Cu, Ag, Au, Ru f etc., especially Cu is excellent. In order that the thickness of a non-magnetic 
layer 4 may weaken the interaction between ferromagnetic layers (the fixed bed 3 and free layer 
5), at least 0.9nm or more is required. Moreover, since MR ratio will fall if a non-magnetic layer 4 
becomes thick, 10nm or less of thickness of a non-magnetic layer 4 should be desirably set to 
3nm or less. 

[0058] Moreover, in order to enlarge MR ratio further, it is also effective to insert an interface 
magnetic layer in the interface of a ferromagnetic layer (the fixed bed 3 or free layer 5) and a 
non-magnetic layer 4. If an interface magnetic layer is thick, since the field sensibility of MR 
ratio will fall, it is necessary to set desirably 2nm or less of thickness of an interface magnetic 
layer to 1 .8nm or less. Moreover, in order for this interface magnetic layer to work effectively, 
the thickness on at least 0.2nm is required, and its thickness of 0.8nm or more is desirably good. 
As an ingredient of an interface magnetic layer, Co or the Co-Fe alloy of Co high concentration 
is excellent. 

[0059] As a substrate 1, the comparatively smooth thing of front faces, such as glass, MgO and 
Si, and an A1203-TiC substrate, is used. In producing an MR head, the A1203-TiC substrate is 
suitable. 

[0060] Moreover, as one of the approaches of enlarging MR ratio further, it is also good to form a 
metallic reflective layer further on the free Jayer 5. As an ingredient of the metallic reflection 
film, Ag, Au, etc. are excellent. 

[0061] Since MR ratio will fall by the shunt effect if a metallic reflective layer is too thick, it is 
good to be desirably referred to [ 10nm or less ] as 3nm or less. Moreover, since it is ineffective 
if too thin, it is good the thickness of at least 0.5nm or more, and to be desirably referred to as 
1 nm or more. 

[0062] As mentioned above, in the case of drawing 2 , the case where a laminating was carried 
out to order from the Fe-M-O layer 2 was described, but a laminating may be conversely carried 
out to the order of free layer 5 / non-magnetic layer 4 / fixed bed 3 / Fe-M-O layer 2 through a 
direct or substrate layer on a substrate. Although this structure becomes a little small [ the 
pinning effectiveness ] compared with the configuration of drawing 2 , depending on the 
configuration of a component, such its a configuration may be effective and it can be used as a 
MR component. 

[0063] Moreover, although the above explained the case of the usual MR component, in order to 
obtain still bigger MR ratio, the MR component 300 which has the configuration of a dual spin 
bulb as shown in drawin g 3 is also good. In this case, as a magnetization rotation control layer 6 
of the maximum upper layer, a Fe-M-O layer, NiO(s), or these compound layers (cascade 
screen) may be used. In order to obtain desirable more big MR ratio, it is appropriate to use a 
Fe-M-O layer. It is appropriate to use the metal antiferromagnetic substance, such as Fe-Mn, 
nickel-Mn, Pd-Mn, Pt-Mn, Ir-Mn, and Fe-lr, from a viewpoint of electrode formation of MR 
component or MR head formation. In this, the viewpoint of thermal stability to Pt-Mn is the best. 
As a suitable presentation of 1-Z layer of PtZMn(s), it is an atomic composition ratio and 
0.4<=z<=0.6 is good. 

[0064] On the other hand, although the example of a configuration of draw ing 3 explained the 
case where it constituted from a Fe-M-O layer 2, the Fe-M-O layer 2 and the magnetization 
rotation control layer 6 may be constituted conversely. 

[0065] When using NiO and alpha-Fe 203 in the above, NiO is formed on a substrate 1, alpha-Fe 
203 is formed on NiO, and, as for the fixed bed 3, it is desirable from a viewpoint of thermal 
stability or membranous surface smoothness for pinning to be carried out by alpha-Fe 203. 
Furthermore, although the NiO film is good in this case at about 10nm, as for 20alpha-Fe 3 film, 
it is desirable that it is thicker than this. 

[0066] In addition, as the formation approach of each class described above, the sputtering 
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method is suitable. Although there are the DC sputtering method, an RF sputtering method, the 
ion beam sputtering method, etc. as a sputtering method, MR component of this invention is 
producible by any approach. 

[0067] An MR head can be constituted using MR component of this invention which was 
described above. An example of the configuration of MR head 30 is shown in drawing 5 . Drawing 
which looked at drawing 5 from the direction of an arrow head A is drawing 4 , and the cross 
section cut at the flat surface shown by the dotted line B is shown in drawing 6 . Hereafter, it 
explains focusing on drawing 4 . 

[0068] MR component section 9 consists of dr awin g 4 so that it may be inserted into the 
shielding gaps 1 4 and 1 1 of the upper part and the lower part. As shielding gap material, the 
insulator layer of aluminum 203 and Si02 grade is used. Although the shielding 15 and 10 of an 
outside of the upper part and the lower part is the shielding gaps 14 ancM 1, as for this, soft 
magnetism film, such as a nickel-Fe alloy, is used. The bias field by the hard bias sections 12, 
such as a Co-Pt alloy, is added for magnetic-domain control of MR component section 9. 
Although the case where the harcfcfilm was used as the impression approach of bias was 
explained here, it is also the same as when the antiferromagnetic substance, such as Fe~Mn, is 
used. It insulates with shielding 10 and 15 grades with shielding caps 11 and 14, and MR 
component section 9 reads resistance change of MR component section 9 by passing a current 
through the lead section 1 3. 

[0069] Moreover, by reading, since an MR head is an exclusive head, it is usually used combining 
the induction type head for writing. It reads to drawing 6 and drawing 7, and not only the head 
section 32 but the write-in head section 31 is drawn collectively. Drawing at the time of writing 
in drawing 4 further and forming the head section 31 is drawing 7 A. There is an up core 1 6 
formed through the record gap layer 40 as the write-in head section 31 on the up shielding 15. 
[0070] In addition, although drawing 7 A explained the MR head structure by the conventional 
Ava Ted junction (abutted junction), the MR head structure using, the overlay (overlaid) structure 
shown in drawing 7 B as for which regulation of the width of recording track 41 is made more to 
a precision with the formation of a ** truck by densification is also> effective. 
[0071] Next, the mechanism of record playback of MR head 50 is explained using drawing 6 . As 
shown in drawing 6 , in case it records, the magnetic flux generated according to the current 
passed in the coil 17 can record on leakage and a magnetic disk 21 from between the up core 16 
and the up shielding 15. Since MR head 30 progresses in the direction of an arrow head c 
relatively to a disk 21, it can reverse the direction 23 of record magnetization by reversing the 
current passed in a coil 1 7. Moreover, since the record length 22 becomes short in connection 
with densification, it is necessary to make the record cap length 19 small in connection with it. 
[0072] In reproducing, the magnetic flux 24 which leaked from the record magnetization section 
of a magnetic disk 21 acts on MR component section 9 inserted into shielding 10 and 15, and 
changes resistance of MR component section 9. In MR component section 9; since the current is 
flowing through the lead section 13, change of resistance can be read as change (output) of an 
electrical potential difference. 

[0073] Drawing 8 shows the configuration of the York mold head which used MR component of 
this invention^ The York mold head 80 is equipped with MR component section 9, the York 
section 81, the insulator layer section 82, the record pole section 18, and the winding section 83. 
The record playback gap 20 is formed as the York section 81 and the record pole section 18. 
[0074] Next, the manufacture approach of an MR head can be explained like an outline and 
drawing 9 . 

[0075] That is, as shown in drawing 4 , after performing processing suitable on a substrate first, 
the lower shielding film 10 is formed (S801). Furthermore, after forming the lower shielding gap 
1 1 (S802), MR component section 9 is formed (S803). next, MR — bamboo — after carrying out 
patterning of the section 9 (S804), the hard bias section 12 and the lead section 13 are formed 
(S805, S806). Next, the up shielding gap 14 and the up shielding 15 are formed (S807, S808). 
Then, the write-in head section 31 as shown in drawing 7 A is formed, and MR head 30 is 
completed (S809). 

[0076] With reference to drawing 10 , the manufacture approach of MR component section 9 
explained by S803 is explained in more detail. The Fe-M-0 layer 2 is formed by carrying out 
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sputtering of the target which consists of Fe-M-O on the nonmagnetic substrate 1 as shown in 
drawing 2 (S901). Next, on the Fe-M-O layer 2, the laminating of the fixed bed 3, a non-magnetic 
layer 4, and the free layer 5 is carried out one by one t and MR component section 9 is formed 
(S902). 

[0077] In addition, when manufacturing the MR component 300 shown in drawing 3 , on the free 
layer 5, the laminating of a non-magnetic layer 4, the fixed bed 3, and the magnetization rotation 
control layer 6 is carried out further one by one, and MR component section is formed. 
[0078] If the densification of a future hard disk drive is taken into consideration, there is the 
need of shortening record wavelength and it is necessary to shorten distance d during shielding 
shown in drawing 4 for that purpose (distance 18 of drawing 6 ). For that purpose, it is necessary 
to make MR component section 9 thin, and, as for the thickness of MR component section 9 
except an antiferromagnetic substance layer, it is desirable to be referred to as at least 20nm or 
less so that clearly from drawing 4 . Moreover, since they are insulators, when it exists as a part 
of shielding gap 1 1 by draw in g 4 as some insulators, the limit about thickness has few Fe-M-O 
layers 2 which are the antiferromagnetic substance concerning this invention. However, when the 
Fe-M-O layer 2 exists as a part of MR component section 9, as thin one as possible is desirable 
and should set 40nm or less to 20nm or less desirably. 

[0079] Moreover, in MR component section 9, in order to press down generating of a Barkhausen 
noise at the time of the flux reversal of the soft magnetism film, the easy axis of drawing 2 and 
the free layer 5 of 3 is good to be constituted so that it may become an outline perpendicular in 
the direction of a signal field which should be detected. 
[0080] 

[Example] The switched connection film, MR component, and the MR head of this invention are 
explained using a concrete example below. 

[0081] (Example 1) Multitarget sputtering equipment was used for production of the switched 
connection film as shown in an example 1. Fe 203 and Co0.9Fe0.1 were used for the target. On 
20Fe3 target the tip of Ti 203 was placed (Fe1-XTiX), and 203 film was formed. 
[0082] After exhausting the inside of a vacuum chamber to 1x10 to 8 or less Torrs, the 
sputtering method was used on the glass substrate with the sink, and the switched connection 
film 1 00 of the configuration of drawin g 1 was produced so that Ar gas might be set to about 0.8 
mTorKs). The detail of samples, such as thickness of each class, is shown below. Here, the 
inside of a parenthesis shows the thickness of each class per nm. In Fe 203, in the case of 
others, DC cathode was used, using rf cathode as a cathode. 

[0083] The produced switched connection film was held in temperature of 250 degrees C for 1 
hour, impressing the field of about 80 kA/m in a vacuum (1kOe). Then, the magnetization curve 
was measured at the room temperature using the oscillating sample mold magnetometer. 
[0084] The configuration of the magnetization curve by which 1:(Fe1-XTiX) 20A3 (50) / 
Co0.9Fe0.1 (10) measurement was carried out is typically shown in drawing 1 1 . Since a 2 (Fe1- 
XTiX)03-layer magnetization rotation control layer does not almost have magnetization, 
Co0.9Fe0.1 will look at the magnetization curve of the switched connection film 100. In the 
magnetization curve of drawing 1 1 , although the center of gravity has shifted from the zero, this 
shift amount is set to Hua. The shift amount Hua expresses the strength of exchange bias. 
Moreover, the one half of the width of face of an intersection with the impression field shaft of a 
magnetization curve defines a shift amount He. A shift amount He also tends to become large by 
the exchange bias field, when the magnetization rotation control layer of oxide is used. 
[0085] The value of Hua and He which were calculated from the magnetization curve of the 
switched connection film 100 is shown in drawin g 12 . x of an axis of abscissa shows the atomic 
composition ratio x in 2 (Fe1-xMx)03. And it is M=Ti. 

[0086] From drawing 12 , by introducing Ti shows that Hua is increasing. By installation of Ti, as 
for this, low-temperature heat treatment also means comparatively that induction of the one 
direction anisotropy came to be carried out. However, if Ti is introduced too much, Hua will fall 
conversely. 

[0087] Moreover, although the above explained the case where the tip of Ti 203 was placed on 
20Fe3 target, as the film production approach of 2 (Fe1-XTiX)03 film, it is also possible to use 
an alloy target. Moreover, the approach of setting the chip of Ti on 20Fe3 target may be used. 
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However, it is necessary to mix not only Ar gas but oxygen gas as sputtering gas, and to be 
especially careful in this case, so that an atomic composition ratio (Fe/Ti) / O may become 
outlines 1.2-1.6. 

[0088] By drawings 1 1 , although Hua and He are falling greatly in the presentation field of x> 0.4, 
magnetization may occur in 2 (Fe1-XTiX)03 layers, and one of the cause of this may have 
become the ferrimagnetic substance. 

[0089] Also when an atomic composition ratio (Fe/Ti) / O has shifted from 1.2-1.6, 
magnetization may occur, and Hua falls also at this time. Moreover, when 2 (Fe1-XTiX)03 film 
has magnetization, magnetic flux may occur from there and trouble may be caused to use of the 
switched connection film 100. 

[0090] Although the above explained the case where Ti was added as a permutation element, the 
sample A2 of the film which permuted Fe atom of 20alpha-Fe 3 film by aluminum, Co, Mn, Cr f 
nickel, V, etc. was produced similarly. Moreover, heat treatment as well as the case of Ti was 
performed. 

[0091 ] A2:(Fe0.9M0.1 )2O3(50)/Co0.9Fe0.1 (1 0) 

The value of Hua and He of this switched connection film was evaluated like aluminum. The 
result is shown in (Table 1). 
[0092] 
[Table 1] 

M (FeOtaSS) Hua (KA/m) He (KA/m) 

amt ai 12.0 

AI 10.2 5.5 

Co 7.7 6.2 

Mn 13.5 7.6 

Cr 8.4 4.4 

Ni 4.3 9.2 

V 3.9 8.8 

[0093] As shown in (Table 1), by permuting Fe atom of Fe203 film by aluminum, Co, Mn, Cr, 
nickel, V, etc. shows that Hua is increasing. 

[0094] Moreover, the switched connection film 1 00 which permuted Fe atom of 20Fe3 film in Sn f 
Sb, and germanium was similarly created as an example of a comparison. However, the 
presentation was adjusted so that it might be set to (Fe/M)/0=1.2-1.6 (M is among Sn, Sb, and 
germanium, is worn, and is *#) also in this case. 

[0095] Consequently, Hua did not increase, but He only fell and the pinning effectiveness of the 
ferromagnetic layer 3 which is the fixed bed fell. 

[0096] (Example 2) MR component as shown in drawing 2 was produced like the example 1 using, 
multitarget sputtering equipment. Using Si substrate as a substrate 1, as a magnetization roll 
control layer, as the Fe-aluminum-O layer 2 and a ferromagnetic layer of the fixed bed 3, Cu was 
used as Co and a non-magnetic layer 4, and nickel0.58Fe0.20Co0i12 was used as a free layer 5. 
In this case, it is referred to as aluminum/(Fe+aluminum) =0.05/1, and was made to be set to ar> 
outline (Fe+aluminum) / Q=1.2-1.6 as an* atomic composition ratio of a Fe-aluminum-O layer. It 
was made for the thickness of each class etc. to be the following. 
[0097] B1:Fe-AI-O(35)/Co(2)/Cu(2)/Ni0.68Fe0.20Co0.12(5) 

Thus, by the same approach as an example 1, produced MR component was heat-treated at 250 
degrees C for 30 minutes. 

[0098] Thus, the field of a maximum of 40 kA/m was impressed: at the room temperature, and 
the direct-current 4 terminal method estimated the MR property of the produced MR component 
B1. The result is shown in Table 2. For the comparison, 203 layer of Fe(s) were used instead of 
the Fe-aluminum-O layer, and the approach with the same said of the sample B0 of MR 
component completely created similarly estimated MR property. 
[0099] 
[Table 2] 

Sft@£UP$9g MRit Hp 

BO Fe_03 13.7 10 

B1 Fe-A!-0 12.9 21 
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[0100] MR curve of the sample of (Table 2) serves as an outline and a form as shown in drawin g 
13 . If a big field is impressed to a minus side at first by drawing 13 , both the magnetization 
directions of the free layer 5 and the fixed bed 3 will turn to the equal direction (a). If a field is 
decreased gradually and it is reversed from this to + side, the magnetization direction of the free 
layer 5 will be reversed first, and resistance will go up (b). Furthermore, if an external magnetic 
field is made to increase, shortly, the magnetization direction of the fixed bed 3 is also reversed 
and it will be in the condition of (c), and resistance will fall and will serve as level of a basis. This 
reversal field is set to Hp, and the result measured about the above-mentioned sample is 
combined with MR ratio, and is shown in Table 2. 

[0101] The result of (Table 2) shows that the sample B1 of this invention has the high pinning 
field HP equal in respect of MR ratio and compared with the sample B0 of the conventional 
example. 

[0102] Moreover, sample B-2 which the free layer 5 becomes from two or more magnetic layers 
through a non-magnetic layer 4 completely like a sample B1 is created. 
[01 03] B2:Fe-AI-O(35)/Co(2)/Cu(2)/Ni0.68Fe0.20Co0.1 2(2)/Cu(1 )/Ni0.68Fe0.20Co0.1 2(2) 
The same approach as a sample B1 estimated sample B-2. Consequently, although MR ratio and 
Hp were almost changeless compared with the sample B1, the soft magnetic characteristics of 
the free layer 5 have been improved, and, as for sample B-2 of this invention, the coercive force 
of a soft magnetism layer fell from about 800 A/m to 400 A/m. Thus, by constituting the free 
layer 5 from a magnetic layer more than two-layer [ by which the laminating was carried out 
through the non-magnetic layer 4 ], the soft magnetic characteristics of the free layer 5 can be 
improved, and the field sensibility of MR component can be raised. 

[0104] Moreover, B3:Fe~aluminum-0(35) / Co(2) / Ru(0.6)/Co(2) / nickel0.68Fe0.20Co0.12 (5) 
using Co (Co(2) / Ru(0.6)/Co(2 which carried out antiferromagnetism switched connection 
instead of 2)) as the fixed bed 3 completely like the sample B1 

It produced and the same approach as a sample B1 estimated. Although MR ratio fell 2.1% 
compared with the sample B1, as for the sample B3 of this this invention, it turned out that 
there is no effect of the bias to the free layer 5 by the magnetic pole which Hp becomes 40 or 
more kA/ m, and is generated in the end face of the fixed bed 3. 

[0105] Next MR head 30 as shows the sample B1 of this invention and the sample B0 of the 
example of a comparison to dr awin g 5 using the MR component 9 was constituted, and the 
property was evaluated. In this case, aluminum 203 was used for the shielding gaps 1 1 and 14 at 
shielding 10 and 15 material using nickel0.8Fe0.2 alloy, using an aluminum203-TiC substrate as a 
substrate. Moreover, in the hard bias section 12, the lead section 13 consisted of Au(s) using the 
Co-Pt alloy. Moreover, the anisotropy was given to the magnetic layer (the free layer 5 and fixed 
bed 3) so that it might become the direction of a signal field and perpendicular which the easy 
direction of magnetization of the free layer 5 should detect, and it might become the direction of 
a signal field and parallel which the direction of the easy axis of the fixed bed 3 should detect. 
After it heat-treated this approach at 270 degrees C among the field and it specified the 
direction of the easy axis of the fixed bed 3 first after creating MR component, further, it was 
heat-treated at 180 degrees C, specified the direction of the easy axis of the free layer 5, and 
performed it. 

[0106] The sink and the AC signal field of about 3 kA/m were impressed to these MR heads for 
a direct current as a sense current, and the output of both heads was evaluated. Consequently, 
the output of the MR head using MR component of the sample B1 of this invention was almost 
equivalent to the conventional MR head which used MR component of a sample B0. However, 
after direct-current field impression had [ the magnetic head using B1 of this invention to the 
output having become unstable, as for the MR head using the sample B0 of the example of a 
comparison ] the output stable when the direct-current field of 1 5 kA/m was once impressed 
and was removed during measurement. 

[0107] (Example 3) By the same approach as an example 2, the MR component 200 of the 
configuration of drawing 2 was created. However, it was referred to as aluminum/(Fe+aluminum) 
=0.1/1, Ti/(Fe+Ti) =0.1/1, Mn/(Fe+Co) =0.2/1, Cr/(Fe+Co) =0.2/1, and Cr/(Fe+Cr) =0.1/1. In this 
case, the thing of a complex type as shown below was also created as a magnetization rotation 
control layer. Cu layer attached at the end is the antioxidizing film. 
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CI :Fe-AI-O(20)/Co0.85Fe0.1 5(1 )/Ni0.8Fe0.2(5)/Cu(1 ) 

C2:Fe-Co-O(20)/Co0.85Fe0.15(2)/Cu(2.2)/Co0.85Fe0.15(1)/Ni0.8Fe0.2/Cu(1) 
C3:Fe-Cr-O(20)/Co0.85Fe0.15(2)/Cu(2.2)/Co0.85Fe0.15(1)/Ni0.8Fe0.2(5)/Cu(1) 
C4:NiO(10)/Fe-AI-O(t0)/Co0.85Fe0.15(2)/Cu(2.2)/Co0.85Fe0.15(1)/Ni0.8Fe0.2(5)/Cu(l) 
C5:Fe-Ti-0(1 0)/Fe-Co-O(1 0)/Co0.85Fe0.1 5(2)/Cu(2.2)/Co0.85Fe0.1 5(1 )/Ni0.8Fe0.2(5)/Cu(1 ) 
C6:Fe-Mn-O(20)/Co0.85Fe0.15(2)/Cu(2.2)/Co0.85Fe0.15(1)/Ni0.8Fe0.2(5)/Cu(1) 
C7:Fe-Ti-0(1 0)/Fe-AI-O(1 0)/Co0.85Fe0.1 5(2)/Cu(2.2)/Co0.85Fe0.1 5(1)/Ni0.8Fe0.2 (5)/Cu(1) 
C8:Fe2O3(20)/Co0.85Fe0.1 5(2)/Cu(2.2)/Co0.85Fe0.1 5(1 )/Ni0.8Fe0.2(5)/Cu(1 ) 
C9:NiO/Co0.85Fe0.15(2)/Cu(2.2)/Co0.85Fe0.15(1)/Ni0.8Fe0.2/Cu(1) 

C10:(Fe0.9AI0.1)2O3(10)/NiO(10)/Co0.85Fe0:15(2)/Cu(2.2)/Co0.85Fe0.15(1)/Ni0.8Fe0.2/Cu(1) 
Created MR component was heat-treated for 30 minutes at 250 degrees C by the same 
approach as an example 1 . 

[0108] The completely same approach as an example 2 estimated MR property. The result is 

shown in Table 3. 

[0109] 



[Table 3] 







Hp 


C1 


13.7 


1Z2 


C2 


16.2 


38.5 


C3 


13.8 


15.5 


C4 


12.9 


23.5 


C5 


16.0 


36.0 


C6 


17.0 


22.5 


C7 


15.1 


25.3 


C8 


6.3 


7.6 


C9 


3.8 


5.4 


C10 


13.3 


17.7 



[01 1 0] As shown above, compared with the samples C8 and C9 of the conventional example, 
since the exchange bias field Hp is large, sample C1-C7 of this invention and C10 can tend to 
realize the anti-parallel condition of magnetization, and MR ratio becomes large. In MR ratio, a 
Fe-Mn-O layer and a Fe-Co-O layer are especially effective. Moreover, compared with samples 
C1 and C10, sample C2-C7 has large Hp. In. Hp, a Fe~Co-0 layer is especially effective. 
[01 1 1] Although the above explained MR component of this invention, also in the switched 
connection film which constitutes MR component, the switched connection film of show [ the 
exchange bias property of having excelled the conventional switched connection film ] of this 
invention is clear from the above-mentioned example. 

[0112] (Example 4) By the same approach as an example 1, the MR component 300 of the dual 
spin bulb film shown in drawing 3 was created. 

[0113] In this case, it was-referred to as an outline, aluminum/(Fe+aluminum) =0:05/1, 
(Fe+aluminum)/0=1.2-1.6. Ti/(Fe+Ti) =0.05/1, (Fe+Ti)/0=1.2-1.6, Mn/(Fe+Mn) =002/1, and Co/ 
(Fe+Co) =0.2/1. 

D1:Fe2O3(30)/Co(3)/Cu(2.5)/Co(1)/Ni0.8Fe0.2/Co(1)/Cu(2.5)/Co(3)/Ir-Mn(8) 

D2:Fe-AI-O(30)/Co(3)/Cu(2.5)/Co(1)/Ni0.8Fe0.2(5)/Co(1)/Cu(2.5)/Co(3)/Ir-Mn(8 

D3:Fe-AI-O(30)/Co(3)/Cu(2.5)/Co( 1 )/Ni0.8Fe0.2(5)/Co(1 )/Cu(2.5)/Co(3)/Fe-Co-O(30) 

D4:Fe-Mn-0(30)/Co(3)/Cu(2.5)/Co( 1 )/Ni0.8Fe0.2(5)/Co(1 )/Cu(2.5)/Co(3)/Fe-Co-O(30) 

D5:NiO(1 0)/Fe-Co-O(20)/Co(3)/Cu(2.5)/Co(1 )/Ni0.8Fe0.2/Co(1 )/Cu(2.5)/Co(3)/Fe-Co-O(30) 

D6:Fe-Ti-O(30)/Co(3)/Cu(2.5)/Co(1)/Ni0.8Fe0.2/Co(1)/Cu(2.5)/Co(3)/Ir-Mn(8) 

D7:Fe-Ti-O(30)/Co(3)/Cu(2.5)/Co(1)/Ni0.8Fe0.2(5)/Co(1)/Cu(2.5)/Co(3)/Fe-Ti-O(30) 

D8:Fe-Ti-O(30)/Co(3)/Cu(2.5)/Co(1)/Ni0.8Fe0.2(5)/Co(1)/Cu(2.5)/Co(3)/Fe-Co-O(30) 

D9:Fe-Ti-O(30)/Co(3)/Cu(2.5)/Co(1)/Ni0.8Fe0:2(5)/Co(1)/Cu(2.5)/Co(3)/NiO(30) 

D1 1 :Fe-AI-O(30)/Co(3)/Cu(2.5)/Co(1 )/Ni0.8Fe0.2(5)/Co(1 )/Cu(2.5)/Co(3)/PtMn(20) 

After heat-treating by the same approach as an example 1 about the above MR component, the 

MR effectiveness was measured by the same approach as an example 2. The result is shown in 

Table 4. 

[0114] 

[Table 4] 
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MR it 


D1 


13.5 




20 5 


D3 

I/O* 


23 9 




28 0 


D5 


28 0 


06 


20.3 


D7 


20.8 


08 


26.2 


D9 


21.5 


D10 


23.6 


011 


19.9 



[01 15] Compared with the sample D1 of the conventional example, sample D2-D10 of MR 
component of the example of this invention shows big MR ratio. 

[01 16] By drawing 3 , since the pinning effectiveness of the magnetization rotation control layer 
of the Fe-M-O layer 2 is large, the magnetization direction of the fixed bed 3 is fixed, and this is 
considered because the anti-parallel condition of magnetization is well realized between the free 
layers 5. Moreover, although samples D2, D6, and D1 1 have a little small MR ratio, compared with 
sample D3-D5 and sample D7-D9, its pinning effectiveness of the magnetization rotation control 
layer 6 is large. 

[01 17] Moreover, MR component shown in the following of the type with which the free layer 5 
consists of a magnetic layer through a non-magnetic layer 4 of three layers completely like a 
sample D3 was created. 

D1 0:Fe-AI-O(30)/Co(3)/Cu(2.5)/Co(1 )/NiO.8Fe0.2(1 .5)/Cu(0.6)/Ni0.8Fe0.2(1 .5)/Cu 
(0.6)/Ni0.8FeOJ2(t 5)/Co(1 )/Cu(Z5)/Co(3)/Fe-Co-O(30) 

The same approach as a sample D3 estimated the sample D10. Consequently, although MR ratio 
and Hp were [ the sample D10 of this invention ] almost changeless compared with the sample 
D3, the soft magnetic characteristics of the free layer 5 have been improved, and the coercive 
force of a soft magnetism layer fell from about 800 A/ m to 250 A/ m. Thus, by constituting the 
free layer 5 from a magnetic layer mosre than two-layer [ by which the laminating was carried out 
through the non-magnetic layer 4 ], the soft magnetic characteristics of the free layer 5 can be 
improved, and the field! sensibility of MR component can be raised. 

[01 18] Moreover, although MR ratio fell 3.5% when following D12 using Co (Co(2) / Ru(0.7)/Co(3 
which carried out antiferromagnetism association instead of 3)) as the fixed bed was created 
completely like the sample D1 1 and it was similarly estimated as the sample D11, Hp became 
Dabout 3 times 1 1 . 

D1 2:Fe-AI-O(30)/Co(2)/Ru(0.7)/Co(3)/Cu(2.5)/Co(1 )/Ni0.8Fe0.2(5)/Co(1 )/Cu(2.5)/Co(3)/Ru 
(0.7)/Co(2)/Pt-Mn(20) 

[01 19] (Example 5) First, surface treatment of the glass substrate was carried out using the ion 
beam on various conditions, and surface roughness was changed. Thus, MR component shown 
below was produced by the approach as an example 2 that it is completely the same on the 
processed glass substrate. 

[01 20] E:Fe-Co-O(8)/Co0.85Fe0.1 5(2)/Cu(2)/Ni0.68Fe0.20Co0.1 2(3) 

The surface roughness and MR ratio of a sample which were created are shown in Table 5. The 
surface roughness in this case was evaluated using STM (Scanning Tunneling microscope). On 
the front face of the sample of 10mm angle, ten 10nmx10nm area was chosen at random, and the 
difference of the highest point about each area and a low point was made into the surface 
roughness of the area, and it was averaged by ten places and it considered as the surface 
roughness of the sample. 
[0121] 
[Table 5] 

&_ffls(nm) m\t{%) 

0.38 13.3 

0.45 12.9 

0.52 8.6 

0.68 4.3 

1.22 2 J 
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[0122] The result of Table 5 shows that, as for a thing 0.5nm or less, surface roughness shows 
big MR ratio. 

[0123] (Example 6) York mold MR head 80 shown in drawing 8 using the sample D7 mentioned 
above in the example 4 was produced. 

[0124] In this case, the aluminum-O super-thin film with a thickness of 2nm produced by the 
plasma oxidation method was used for the insulator layer 1 7 of drawing 8 . Moreover, the Co- 
Nb-Zr system amorphous alloy film of high permeability was used for the York section 16. Thus, 
when the output of the produced York mold MR head and the output with the MR head 
completely created by the same approach, using the sample D1 of an example 5 as a MR 
component were measured, it turned out that the output rise of abbreviation +3db is realized 
[0125] 

[Effect of the Invention] The switched connection film using the magnetization rotation control 
layer of the oxide of this invention gives a big exchange bias field to a ferromagnetic compared 
with the conventional thing. Consequently, the magnetization direction of the fixed bed is 
stabilized and the switched connection film, MR component, and the MR head which show MR 
ratio with good and big thermal stability can be obtained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.#### shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The mimetic diagram of the cross section of the switched connection film of this 
invention. 

[Drawing 2] The mimetic diagram of the cross section of MR component of this invention. 
[Drawing 3] The mimetic diagram of the cross section of another MR component of this 
invention. 

[Drawing 4] Drawing showing an example of the sectional view of the MR head of this invention. 
[Pxayying 5j Pictorial drawing of the MR head of this invention. 

[Drawing 6] One sectional view of the MR head of this invention, and a magnetic disk. 

[Drawing 7 A] One sectional view of the recording head one apparatus MR head of this invention. 

[Drawing 7 B] One sectional view of other MR heads of this invention. 

[Drawing 8] The sectional view of the MR head of further others of this invention. 

[Drawing 9] An example of the flow chart which shows the production process of the MR head of 

this invention. 

[D rawing 10 ] An example of the flow chart which shows the production process of MR 
component section 9 of this invention. 

[Drawing 11] Drawing showing an example of the magnetization curve of the switched connection 
film of this invention. 

[Drawing 12] (Fe1-xTix) Drawing showing the x dependencies of He and Hua of 203 (50) / 
Co0.9Fe0.1 (10) film. 

[Drawing 13] Drawing showing an example of MR curve of MR component of this invention. 
[Description of Notations] 

1 Substrate 

2 Fe-M-O Layer 

3 Ferromagnetic Layer (Fixed Bed) 

4 Non-magnetic Layer 

5 Free Layer 

6 Magnetization Rotation Control Layer 

9 MR Component Section 

10 Lower Shielding 

1 1 Lower Shielding Gap 

12 Hard Bias Section 

1 3 Lead Section 

14 Up Shielding Gap 

15 Up Shielding 
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[Drawing 7 A] 



http:/ / www4.ipdl jpo.go jp/cgi-bin/tran_web_cgi_eije 




2004/06/28 



41 



J6 



\ h*^ — 


— cj \ 




l^fOOOOOOOQ- 










-4 







-40 

-15 
J4 



-12 
-11 
-10 



31 



-32 



[Drawing 7 B] 
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[Drawing 9] 
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[0010] RBfb[El£JQ)Mj|fcL (F e i- X M x ) 2O3 
Ji (M— A ] , Ti, Co, Mn, Cr, NU V, 
0. 01^x^0. 4) £$A/ClvT&.fcl>. 

[0011] K«fl:isiC«i«lBtt, n i o/i£2£ic^ 

A/T^TfeJ;^. 
[0 0 12] KWbIiie»lMli(^ Fe-M' -OM 
(M* = A1, Ti, Co, Mn, Cr, Ni, V) £ 
SSK^/uTfcfl, MFe-M' -Oi^Fe-M- 
O B t te7G*0aj« ^T^tt)J;K 
[0 0 1 3] »*lR©aBas^*l«0. 5nmKT 

[0 0 14] RBfb0tefflfcJlOJP£te, 5nmW±l 
0 0 nmHTTioTfeiK 

[0 0 15] »«ftliHEaJ«l»<D»Stt, 5 nmW5 
0 nmHTTSotfcJ:^. 

[0 0 1 6]-'tt«{k©C»fHff^R9t«tt#IB2:^i£ 

BIWCfc^Tl 5 0 < C- 3 5 0 < CT£&3£ 

[0017] ^Rw^asaaaEfitan^tt. 
^liiiat^sfiico, r^hrr, 2 ^co&b 

&»Bt#m&mtmm&#]B<D 1 ^afbiifcfcffl 
»Jr^>«^t:[g^Effll*^)It^^T*5 0. R&B£#if* 

'•' ^ 1 of*, R 1 t>©3a«tt#JH«c*tbTK 

SJBTftO, K3»fiatt#Ja<!!)3 , 6©i!>&<tfelott. 
«ft*iftttt&S)H©affc*r^t©ft»ftac!)a{i:(cJ: 



{fcEifcffllfcJflti, Fe-M-Oi (M=A1, Ti, C 
o, Mn, Cr, Ni, V) £^A,T:fcD, rtllCirO 

[0018] RB{bB(E«JfflBfcL (F e i-xM X ) 2O3 
1 (M = AL Ti, Co, Mn, Cr, Ni, V, 
0. 01^x^0. 4) A/CUT fc«fc^. 

[0019] RB{b0&»JJIte, NiO«£;*SlC<& 

[0 0 2 0] RBtbliltEttlffilifcL Fe-M' -OJf 
(M' =A1, Ti, Co, Mn, Cr, Ni, V) £ 
^SI^A/TiiD, gFe-M' -OlilFe-M- 
O S t iiTHRaffljfc oT^T^J:^. 
[0 0 2 1 ] «£«M<08ffiffl$ai«|l&O. SnmttT 

[0 0 2 2] K«fblBie««Ji(S!>B$tt. 5nmWl 
0 0 nmElTT»^tfeJ:K 

[0 0 2 3] R«{blsIte«I«]iCDjPStt. 5nm^±5 

[0024] m&immm\mtmm&&&mtfimfc 

<*ftfc». i^tt^Tl 5 0' :< C-3 5 0*CT«5U6 

[0 0 2 5] K»HK»> m&±lzm l (OBfb@£fli(H 

<bJ*£g&/i<h, fg2(D#Bttlf *2©H^Jii:, 
»2<D«fblEl(E»fS()i^*JB*«JlbTJ«0. R»l<*> 
WblHlteWIiWJitt, Fe-M-Ol (M=A1, Ti, 
Co, Mn, Cr, Ni, V) *-&A/Cfe!K RS£ 1 CD 

U «»2©«{blHllEai«Jltt. R*2 0Ei£JB<&Wb 

[0 0 2 6] R^ 1 0B{b(II&«J0]Jite, (F e 
1-xMx) 2O3H <M=A1, Ti, Co, Mn, Cr, 
Ni, V, 0. 01^x^0. 4) S^A/WrfcJ: 

[0 0 2 7] R*2©«{bIertE«IiW)itt, N i OfSfctt 
Fe-M-Oi (M=A I , Ti, Co, Mn, Cr, 
Ni, V) (7)^Wmt^T^J;l^ 

[0 0 2 8] KSAJltt. lf§30#Bffif RS&30 

#m&m zm/v?m® 2 tat 2 heu® mss t 

[0 0 2 9] RgSi/gte, JB3<MMBttlHi:. RSf§3® 
#BttJB A/TSIH 2 *lfc 2 JBfiUOBttR t S^A/ 

[0 0 3 0] RBSJBIi. JB3CD#«ttHt- RS3<D 

B££-&A/T^TfeJ;(r>. 

[0 0 3 1 ] R@£j§te, SS3 0#«ttJ3fc, R®3® 
*«ttJBS^LTR««tt»lC22»e^Ufc2 0©Btt 
Jl£££A/T&>Tfc<fclf>. 
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[0032] *«wc«*«aasB»*aA^ m, m 

[0 0 3 3] *«W.k:«*«<0««fiSBa«S'Sy K 

[0034] *ftwtz%&m&&ffiM&x?<ottmjsm 
t> 2 ^©s^Btt^w■tttt#«ttJ■*»^-csl)■^nT* 

0, BESlZStt, ^WFe-M-O (M = A 
h Ti, Co, Mn, Cr, NK V) jO^JfiKS^- 

[0 0 3 5] *»H£ffi*Bftffl^£*?®HiB:#^ 

2<D#mmt, »2<oB&mt. %2<Dmimmm\ 
fcmm\mmi<o®mmv>mit%$]$:mfeL, mm2 
u mmi0®fem<DMit%$\#&ztmm2<Dmi£m<D 

0 ^ttSW^r *«««^^? cD«JS**r » 

1 is t, 1 omitmmnmmtiz&m 1 cosje 

JI, tt£l®#BttJ|, RSAJI* ttS2C!)#ttttll« 

J:«tt»2©H^B*)B^:«*rs*2lSt, g^2 
0©^l±tcK^ 2 (DBftSMEflWH £#J*T*SB 3 1 
8£«M/M3D, «SBlISSJ:tftt»3l8tt, ± 

&j*#**Fe-M-0 (M = AK Ti, Co, Mn, 
Cr, Ni, V) N£X/W>$"J>^ 

ft*. 

[0 0 3 6] 



[0 0 3 7]il (C*58M©S!ftie&« 1 o o <om&& 
H1TI1 S&l±tCFe -M-012, &Bft 
ft«3jWB*«Jl£ft-0>£. *%m<DftWl\Z* ftMft 

tLT, Fe-M-OB2£ffl^£,&T**. 
[0 0 3 8] *^B^(C^^F e-M-OJBWU Kfblsie 
W»J»T*SFe-OtC, SSH^M^^fjOL/i^cDT 
&oT, (FefcM£iin*fc<b©) £K* (O) CD 

[0 0 3 9] BfblHlgffl]$!l@T^^Fe-OtC^E7C^ 

HTajSJttt, a*L<fii. 35- 

1. 5 5 0«H<ht*. 
[0 0 4 0] &JS (FeiM^jfjDxfe&tf)) 

(o) oK^ajSJtau . 2-1. 6£>®sh^t&£ 
<t, a^)i<ofiS{b©t;>ii:«aftttfi<feoi. 
i*30«i . 2«TTtthr>it«)3a*^*fb'r-5. fc^mti 

[0 0 4 1 ] ^tC, -£®&£Wk 1 0 OSffl^fcMRjf 

[0 0 4 2] H2^*!8W©MR* : F2 0 0 0!>«JBS^ 
-r«ffiH<D-«£^T. S2Tte, gKl±tc, Fe- 
M-O/12, @£JI3, #«1414*3J;CJCSSH5^)IB 

ti, Fe-M-Oli2(CcfcSXSi/^7X«*fc<kt)fcf 
>jt»SftT^£. -*(03S»tt*t?*SeS)I5©ffli 
<b*lRl«, #mttH4ic£D, a3£JB3^6«aWfc» 
lti£ftT^££>T, MRtf 2 0 0<D^fflj&> 

[0 0 4 3] ftoT, H)t«3©«fl:*lRlta*)I5© 

»{b*rpi©fta36**B»B(c*fb-rscfctCcfco> mr^ 
?2 0 ocoma;Hts^*fb-rs. mr#?2o o£b^ 

KSi-fe>1J— <!:LTffl^St*tt, MRif 2 0 0W 

[0 0 4 4] *RH<Z)tttttt. «Kb0fc»fHJi£UT> 

Fe-M-OI2^^M^I)o fiE#*tt?i£'<fcJ; 
a-FezOaSffl^fcMRSl^tt^SttMRIt* 
a-Fe203^fflt^^cMR^I : ?-C 
HU H^Ji 3 ©K>jt S^+^T <»£ 

fcr>iL#ffl0a-Fe2O 3 JBTSU>. ) , *Ofifi« 

[0 0 4 5] C©raa****TSfc*(C*3BWCtt* 
B{b®^»J@i:bT, F e<Dmm'?$>Z>F e-OI 
iC*3^TFeJR?©— 8BS:A 1, Ti, Co, Mn, C 
r, Ni, VWBf TilftbfcF e-M-OB*ffl^ 
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[0 0 4 6] Z<Dm. &JS (F e tM£.MZtzh<D) t 

mm (o) ©is^ajBSjt^SMs i . 2-1. 6t&ot 
n, vmvw&tzt, 1 5 or^6 3 5 otg«<z>iB 

[0 0 4 7] ±E(C*5^T4t(CMn. Cott<tO*#/«C 
MRJtfcWfcfcfc^a'r**. £0*£&tf>it£B# 

(F ei-xMx) 2O3 (M = A 1 , TK Co, Mn, C 
r, Ni, V, 0. 0 lSxSO. 4) 

[0 0 4 8] x#*;*T*Sfc«)*#fc^U 

<&K. Fejj§T?£±fBL£A 1, Ti, Co, 

Mn, Cr, Ni, V&^CD^07C^T©&T£<>:7x 

[0 04 9] Fe-M-O«2©JPS3&«*S0»-r€fS 

£ m&m 3 ©attoSr isi© tr >±«>»*jwb 

Fe-M-Oli2(OJPStt^<tfe5nm£A±tt i &B 
F e-M- OB 2 <DJS3 

a*3B±L*»-r<&*©T?* Fe-M-OJf 2<DJP£tel 
OOnmOT, g*U<li5 0nmHTtT5O*««l: 

[0 0 5 0]**, Bfl:@C»IHfl(iatt£lfeBttffT 

Fe-M-OH2<oa«tLTtt, ©£!3 CO 

I'Jittflciftott), H3£H 3 (D«ft^rSl©H3ta* 

[0 0 5 1 ] aft, MR'Xy K©a4H5 tLTtt, N 
i-Co-Fe&^lbT^ Ni-Co-Fel 
OSTHfljSJttLTtt. NixCoyFez 
0. 6SxS0. 9 
OSySO. 4 
OSzSO. 3 
( ON i - r i c hO&Bffli, feb<tt, N i x 'Coy' 

OSx' SO. 4 

0. 2Sy' SO. 9 5 

OSz' SO. 5 

COCO- r i c hB£fflH*©at3£LV>. CtteoSS 



(1X10-5) 

[0 0 5 2] *fci*B5©<B©tffiiLTtt, Co- 
Mn-B, Co-Fe-B, Co-Nb-Zr, Co- 
Nb-B^T^l^r^/I, 'to&WtzvTWyr 
ZmttmON i -Co-Fel£0«Bfl|Tt>&K. 

[0 0 5 3] SGJISOJSSttl nmfiLtl 0 nm&T 
#±1*. §*«5^JiE^<i:v^>hai*"CMRtfc^fiT 

0i*Kli2n m&± 7 n mOT^^ e 
[0 0 5 4] B&m 3 ^ LTfi, C o SfcttC o - F 

C o SfctiC o - F e £&#*S&MR Jt*#S<!!>K: A 
^. X**a^«MS^*»StCttN i -Fe, Ni-F 
e-CoS^l^o ft^TF e-M-OM 2 t<DR 
ffitCHN i ^Jg££, Cu#©#«ttJi4 < tfl!)JlLaK:ttC 

[0 0 5 5] @fcM3<DmMtl nm^il 0 nm^T 
#«fcK, H3tH3dWrSfTfe»-rffTt)MRit^fiT 
TS. «J;0i*L<lilnmH±5nmHTtT5^ 

[0 0 5 6] B£B 3 fctt#BffiJI 4 LTKBHBtt 

ftflcWJCHCo/Ru/Co^O-flltbT 
fcfc'bC©«fRu<0jPWi2O(DC03^JK 

&«»0. 6nmT^ HftOMRSS^TWMR*?- 
#«*T/hS < 3 ©$®(C?S±T£B 
«K J: 0 g AM 5 ic £ b < fctvW 7X«IM*9lni3 
ft*HjBj&**2>. B£»3*K»Btt»K3flftJIS£b& 
2oO«ttHJ:DftS*J«-frsc ( i:tcJi:r), 

[0 0 5 7] gtifl52:B&fl3£<Dna^ttfl4£ 

UTH Cu, Ag, Au, Ru^:W«*W t^HCC 
u#»ro>3. *«tt«4cofli*tt, 3$Btf:#® (B 
ejB3&SAII5) m©«Sffffl*a<TSfc»K*tt 
<£*>0. 9nm«±tt&BT**. £fc#«ttB4a* 
JlKfc*£MRJt#ttTUTL£5<DT. 3M8ttJI4 0> 
»*H10nmHT, S*U<li3 nmBtTfT^* 

[0 0 5 8] MRtt&%.\Z±Z<TZ>tz$>\Z, 51 

Btt#J3 (B£JB3£fcttSAJB5) t#«ttJi4©ff 
B£#BBttBS#AT*©t>tf»"C**. ^ffiBttli 
MRJt©«WR«#«TT5C!)'C, #ffiBtt 
B©JS*ti2nmETF, S*U<ttl. 8nmWT<h-T 
£fc£<DjraBttHjW»CB<fc»K: 
fct '>fc<£:*>0. 2nm±©W*tti&gtf*0* S3; 

ibTtt, Co*fc«Coi8a«OCo-Fe'&4**fi 



( 7 ) 
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[ 0 0 5 9 ] gfc 1 1 LTtS, # MgO, Si, 
AI2O3-T i CS«**BOJt«W¥»&t)©^ffl^ 
£0 MRv; H^ffBfi«^tCtt, AI2O3-T1C 

[0 0 6 0] Sfc, MRIt*5!tC*#<TS*ao— P 

ti/m asi5©±tcssfc*jRs»ji^fiErs<o 

[0 0 6 1] *KSWB^JP"rff^<tvr>ha*"CM 
RJt^fiTTSOT, 10nm»T. S^KH3nm 

&<£t>0. 5 nm^±(7)iP^> a$L<lilnmH± 

[0 0 6 2]^ H2 0«£fc«u Fe-M~Oi2 

JB3/Fe-M-OB20liK«/BbTfcfi^. 

[0 0 6 3] ^fc^±liil^CDMR^(0^tC^^T 
ttMLfc*** MiC*£&MRit£#3££(Cteia3lC^ 

3oofe«fc^ s±ncoai{b@e»Mn 6 1 

iTtiF e -M-OJB.*fcttN i O** UttCtlS©* 
£/f (SUM) *ffl^Tt>*tri. g£U<teJ;D*£& 
MRIfc*»^3tAtCttF-e-M-OJiSrffl0i-5a)^3i8S 

MR* : J L ©««*JSlc^>MR'\y K 
SUFe-Mn* Ni-Mn, Pd-Mn, Pt-M 
n, Ir-Mn, Fe - 1 r^IMSMffl^ 

-Mn^y^ P t z Mni-zJl<D^£;ifi$£LT 
tt. S^ajSitT, 0 . 4 < z ^ 0 . 6 a* J: K 

[0 0 6 4]-*, H3©*fifc«TttFe-M-OII2 
^6«dE-r**'&JC^^TRWLfc^> Fe-M-oa 

[0 0 6 5] iEIC^WN i Ot a - F ezOjSffl^ 
S*^±a«l±tCNiO*»aU NiO±lCa-F 
e203Sr«JBKb, @£Jf 3 tea -F e 2 0 3 (CJ; 0 If >ifc 

[0 0 6 6] ttfefiUde^&ftBOWjaWJStl/Ttt. 

ttTfc^WOMR^feffHTSS. 
[0 0 6 7] a±JB^fci:3a:*«WOMR* : F*ffi^ 

7 K 3 0 ^ffl^cD-W^^T. S 5 £3581 A©* 6 



BSd«H6tc*l/T**. EO\ B4£4»*McLTKWr 

[0 0 6 8] H4"CttMR* : F«9H±a43cttfTS<0 

T^5o v-^H^-v^^MchbTti, AI2O3. Si 
029©Jfi»K^ffit>ns. v-JUK*r 4, 1 

»S««cnttN i -Fe§&^«EomB1tR^«t>n 
-5. MR*-?a9<D«K*iJH©fea6tCCo-P t^** 
GVY-F/Vf 7X881 2lc££/\W7X&^£j!jO;L3o 

S»£ICtH>TK91Lfc#, Fe-Mn#<0KSH8tt* 
£m>&»£*>H«T»S. MR*^«9H£/-;WK* 
t7^1L 1 4tC<fc^Tv-JUH 1 0, 1 S^tlfei 
ZtiT&K). 'J-H381 3£^bTmtft£c?irf ;i<h(cJ; 
0, MRSR^ag^fiJaSftSrtt^tS. 
[0 0 6 9] S&MR'Vy KttH*<h9IMl'\y Kfc© 

Tft<> »*i£*'Vy K»3 1 *>»1*-T«^nT^5. 
H4(c$&tC»*5i^y KS&3 1 £J&SLfc*£<00 
ffi. i7ATWo •Si&^'v.y K«3 1 tLTte, ± 
— ^ H 1 5±KE&*1^7Jf 4 0£^LT^J&£ 

[0 0 7 0] ft*. 0 7ATttft*CD7A5Vy 
(abutted junction) (Cic^MR^sy 

B7 BlC^LAc^-A-U'f (overlaid) fltjfi 

[0 0 7 1] MR'v.y O<0ESH±0>*;&- 

XA*H6*ffl^TRWf ^6tC^Ti:3(C, IBS 
TfcRfctt* n>f;n 7tcflfELfc«»fcJ:0*±Ufc« 
3fc#v 1^71 6£±«->-;H*l 5t©W«fc0ji 

filCltWT, 3-f;H 7t8S£-r««SSeS J &SCli: 

(CckO, E»«fl:©*rfij2 3SrKK$ii-sct^€r 

[0 0 7 2] 2? 2 IOE 

»«lb»^5iinfc«« 2 4 7^ k 1 0 , i 5 \z 

SfcftStt*. MR*?a9l;:tt, 'J-F»13£4H, 

[0 0 7 3] B8». *56M©MR* : f : *ffl^fc3-^ 
K<0««SST. 3-^ffi'\yH8 0tt. MR* 
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^889 1 a-zms 1 btmrnsis 2bfcm$-)\$ii 

8 £#*»ffi8 3££*AT^5. 3-£gG8 1 tEft 

So 

[0 0 7 4]fc MRVy h*©«it#ffitt«Effc, 09 

[0075] t&*>5, 04t-^-r e t'5(c, sr, as 

T3 (S 8 0 1) . 3 SIC. T«->-^H*t7^1 1 
£*/£bfc& (S 8 0 2) , MR*?ffl9«r»ricT* 
(S 8 0 3) . &\Z, MR« : 3 t a9Sr/^-->i/Ufc 
& (S 8 0 4) , A-hVH77^1 2, U — K« 1 3 
£^f£T£ (S 8 0 5, S 8 0 6) . ^tC±Sv-;l/K 
^7^1 4, ±Si/-;Hi 1 5£«j5!tTS (S 8 0 

7, S 8 0 8) . 07 a^t*?**^* 

'V.y KS3 1 £«j£LT, MRA7H3 0^n 
(S 8 0 9) o 

[0 0 7 6 ] 01 0£#BgbT, S 8 0 3TPJU;M 
R* : 3 t a9<DfiiS*ft^$c > (c»U<KWrs. 02tC 
^T ct 5 tc#«ttSS l±CFe-M-OJ:0^S^- 
h^XA'y^U^T^iiCIcfcO. Fe-M-O 
B2#»jGjt;*ftS (S9 0 1) . Fe-M-Oi 

B$*U MRlf^9^M?n5 (S 9 0 2) . 
[0 0 7 7 ] 03lC^TMR3i^3 0 0£Si§T 

S&fl5±tC£blC#Bffif 4. H5£»3* 

«tt/«<tiHHE«i«iJi6^«*a)i$n, MR«f»^ 

[0 0 7 8] H*©A-Hr-fX^ K7<7<DK«fcflffl: 

tz$b\Zltm4 ic^Lfc K RQ® ENE d (0 6 OSgBS 
18) ^g<-T6M^^o ^©fc»(cttB4^6W 
&jO>fctt(;:, MR*^S9£»<T*#B#*9, 
Bttftl SR^fcMRJfaS 9 ©KJPtt^fe < i t> 2 0 

tt#T**Fe-M-OJi2ttJI8»#&©7?. ffijft#(7) 

Fe-M-OB2j&<MR*?«9©-«£LT#fiETS 
&*^<»<r>cOd«S£L<, 4 0nm|^T> MS 
L<\*2 0 nm&T bTZ^tr&Z. 
[0 0 7 9] £tzMR%?&9lZ&\,*T\t* iRBttRCD 

02, 3©a*»5©B{ksainitt, ^a-r^t 

[0 0 8 0] 

[0081] (m^j i ) mmm 1 icst ± -5 



-^7 htC F e20345ct^Coo.9F eci^ffl^ 
/t. F e203^-y-y h0±\ZT i 203<D^^^$«# 

(Fei-xT ix) 203R£»J*Cft. 

[0 0 8 2] H£^>A*-ft£l X 1 0-STo r r& 
TS"C»ab&«, Ar^X^O. 8mTorrJc& 

UTH 1 ©«J*©Xl*tt^R 1 0 0 Sff«Lfc. 

LTfct Fe203©*-&(Cttr f *y-K*ffl^, 

[0 0 8 3] f^S Lfc£»B£lll£, 8 0 k A 

/m (IkOe) ©B**H3ftJU&^6 2 5 OTCCOfift 

[0 0 8 4] Al: (Fei-xT i x) 2O3 (5 0) /C 
oo.9Fe 0 .i (10) «£3nfc«fcffl«0>J&«£«a 
WIC0 1 1 iC^To B{t0feffiJ^JlO (F e i-xT i x ) 
2O3«t*»£«{La*&^0>T* C ; oo.9Feo.iJ*3SHiJe 

«fcftl|-CliIR,« <fc 0 7MW5^0'>7 
hMHuatt^ ->7HHuali 3?i/H7X 

hc*k mm<DMit®&mmzm^rz®&\z} l z%& 

[0 0 8 5] &&fe££Rl OO0Bfctt»<fcD*»fcH 
ua43<fctfHc©«£Hl 2 IdST. iiOxH (F 

[0 0 8 6] 01 2J;0, T i CitCiO, 
iCfcO, tt«»ttB©JI«Ba-C'b, -*lRia*tt3*«lljB 

[0 0 8 7 ] X, K±tt (F e i- X T i x) 20 3 Htf>S!ISi 
Mtlt, F e iOz9—tfy hCD±(CT i zOz&^y 

l^^tfcpIIBT**. X, T i 0^'y7 p SFe2O 3 ^ 

tt, H^fiJsjEJt (Fe-fTi) /0*«BB81. 2-1. 

<S*;tf;**Jg-tfSfc£LT\ t<icft«T5!&B^ft 
S. 

[0088] 011 x>0. 4«MtHu 
a, Hcifctr*fr<fiTLTU5d^(3DJgHa)-0 
tt, ( F e j-xT i x ) 2O3I \zm4tt)m*k L , y x 'J B 

[0 0 8 9]IS^ffl^it (FerTI)/0#l. 2- 
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1. 6)&^-fnT^S«^t)«ftA<»±TS^Iffitt^* 
0> ZOmzhHxi aifi&Tt^ Sfc, (Fet-xT 

i X ) tOzm&mit&ft'oi:* *c*>s«5K#r*u 

[0 0 9 0] &±t*T i &e*7C*<fcl/T*JWLfc«£ 
iCO^TRWUfc^ a-Fe z 0 3 i^Felf^A 
I > Co, Mn. Cr, Ni, V3?T«»L&IRCDtt** 

[0 0 9 1 ] A2: (F eagMai) 2O3 (5 0) /C 
oo.9Feo. 1 (10) 

UTWffibfc. ^<D*£&£, (Si) tc*1\ 
[0 0 9 2] 

M (Fel*S«) Huo (KA/m) He (KA/m) 



■wr 0.1 12.0 

Al 10.2 5.5 

Co 7.7 6.2 

Mn 13.5 7.6 

Cr 8,4 4.4 

Ni 4.3 9.2 

V 3.9 8.8 



[0 0 9 3] lc^-r<fc5tc, FezOal^Fe 

JH^SrAl, Co, Mn, Cr, Ni, V^TS&T^ 
d<htCJ;D, Hu atimMLT^&C £&£>&&* 

[0 0 9 4] HSICUT, Jt«W<fcUT* Fe 2 

OsttDFeSC^SSiu.-Sb* GeT««Lfc3H«MS 
£«10 0£ffoSUfc. fcfc # l/C<0»dt) (FerM) 
/0=1. 2-1. 6 (MtiSn, Sb, GeOftW 

[0 0 9 5] HuattHSn-e-f> Hc«T 

[0096] (*jg0tj 2 ) 1 1 h«k:, ^tcx/^ 

©Lfc* SffiltUTS iSfiMK afUUCMIM 
tUTFe-Al -0«2, H3£IB 3 ©3ft«ttHt UT 
Co, #&ttJf4£UTCu, 5 «k LTN i ass 

Feo.2oCoa«Sffl^t. Fe-Al-O 
^(OlgTfflJ^it^bT^ Al / (Fe+Al) =0. 
0 5/ltU «0fc (Fe+Al) /0=1. 2-1. 

it. 

[0 0 9 7] B 1 : Fe-'A 1 -O (3 5) /Co 
(2) /Cu (2) /N io.68Feo.20C 00. 12 (5) 

ST, 2 5 0*C-r3 0»JR«l31Ufc, 
[0 0 9 8] C^AiJCl/Tf^HUfcMRSl^BKOM 
R«ptt«:SaT«*4 0kA/mcO«»6»ftlUT, it 



£#>iC Fe-A 1 -O^Oft^0^Fe 2 O 3 l^ffl 
(rK ^<f5l«trLT^UfcMR^ : FcO^B0^, ft 

[0 0 9 9] 
[362 ] 

SWW »ftSEffli«e MRlfc Hp 

B0 FeaOj 13.7 10 

B1 Fe-AI-0 12.9 21 

[0 10 0] (*2) <Ott»(DMR*«tt, HI 
3{CtkT£9&^£&3o 01 3T^fflT^^X<HtC^: 
^*«#SWJat-5<fca**5<hH£li3(D«{fc*I^tt 
<hfctCfflofc#fi£|6]< (a) . CtlJ:D*»tC«** 
«^S-&T^#. -h^tC^fe-T^xh. £lT§El3l5cD& 
fk*|Pld<ECL. fift^±#-f£ (b) . HJC^fflBff 
£itJ]D2-£:£i:> ^ff«H^»3 0«{b*l6jt>S(£L, 

(c) <*>#»£:& fitattlTb, t><hc0U^£& 

bfce*6a2lCMRttt#Hi-T^"r. 
[0 10 1] 082) (DM* J: 0 . *!8W<DH»B ltt 
fiE*M0R»BO(Clt^T, MR it ©&-etefflfife<* 

[0 10 2] IfcftB 1 £±<E«fcl/T\ 

5 ■ 4 ^ftL Ji** b^^B2 

[0103] B2:Fe-Al-0 (35) /Co 
(2) /Cu (2) /N i 0.68F eazoC 00. 12 (2) 
/Cu (1) /N i o.esF eo.2oC 00, 12 (2) 

urns 2%umB 1 tmm<Dj}mzxwmLtzo *<d& 

*, *58W<DH8B2H &&B 1 iClt^TMRtt^H 
tU tt«ttJi<Oft«*^, »8 0 0A/m^640 0A 
£^ LT*1 5 nfc 2 Htt±<0«ttH rt> ^^-T S C t 

[0 10 4] £fcttHBl<h±<H«ICLT, 3 
tbXCo (2) <Dfrt> 0 lZfc&m&3i&&£Ltz C o 

(2) /Ru (0. 6) /Co (2) Ml*B3 : F 
e-Al-O (35) /Co (2) /Ru (0. 6) / 
Co (2) /N i 0.68F eo,2oC 00. 12 (5) 
SflsHU K»BltHflta)*ffiJCTBMiliLfc. CO* 
?8^C0&£fB 3 \tU.nB llCit^TMR JtJi 2. 1 %<£ 
TUfc^, Hpi^4 0 kA/m^i^O, *OB£i 
3 CO^ffilC^^f S&ffitC <t 3 g AH 5 ^O/Vf 7 XCD 

[0 10 5] *IC*KW©KfiB 1 £<fctftt««<0ttfl- 
B0SMR*f9 6ffl^T, B 5 £^t\fc5&MR'V;/ 

LTtiA 1 2O3-T i CSfiM^, v-;UK10, 1 
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11,1 4IC&A 1 zO&mWz. *fcA-KA*^7X 
SSI 2ftf*Co-P t-&&£ffl^, 'J-h*$13£Au 

tCfigttJf (g*/l5:fc e fctf@£Jf 3) (C»*tt*#4U 

OtTSifflSiUT, H^Ji3<DBft«a»li«)*[fil&a^ 
bfcft, 1 8 0*CT&j5!lgLT, SA15« 

B l<DMR*?£ffl^fcMR'\y H©ffi*tt, H8B0 

/Co TzfiLs 8J5t+l 5kA/m©iea«ffS^ofeAy 
EPflnbT&DE§K<h, tt»«OK»B0S:ffl^fcMRA 

fc. 

[0 10 7] (*jffi^3) *KM2i:H«<D*ttTr> 0 
2©«J«cOMR* : T : 2 0 0*ffj«Lfc. fc£U Al/ 

(Fe+Al) =0. 1 / 1 » T i / (Fef T i) — 
0. 1/1, Mn/ (Fe+Co) =0. 2/1, Cr 
/ (Fe + Co) =0. 2/1, C r/ (Fe + Cr) 
-0. 1/ltlfc. C(7)^, «ffc|5|(E»MHtL 

CI : Fe-A I -O (2 0) /Coo.ssFe 
0.15 (1) /N io. 8 Fe 0 .2 (5) /Cu (1) 
C2 : F e-Co-O (2 0) /Coo.ssFe 
0.15 (2) /Cu (2. 2) /Coo.8sFeai5 (D 
/N i 0 8 F eo.2/Cu (1) 
C3 : Fe-Cr-O (2 0) /Coo.gsFe 
0.15 (2) /Cu (2. 2) /Co 0 .85Feo.i5 (1) 
/N io.8Fe6. 2 <5) /Cu (1) 
C4:NiO (1 0) /Fe-A 1 -O (10) /Co 
o. ssF eo. is (2) /Cu (2. 2) /Coo.ssFe 
0 15 (1) /N io.sFeo.2 (5) /Cu (1) 
C5 :Fe-Ti-0 (10) /Fe-Co-O (1 
0) /Coo.gsFeais (2) /Cu (2. 2) /Co 
o.85Fe 0 .i5 (1) /Nio.sFeo.2 (5) /Cu 
(1) 

^ C 6 : Fe-Mn-O (2 0) /Coo.ssFe 
ais (2) /Cu (2. 2) /Coo.85Feo.i5 (1) 
/N io.gFeo.2 (5) /Cu (1) 
C7:Fe-Ti-0 (10) /Fe-A 1-0 (1 
0) /Coo.ssF eo.is (2) /Cu (2. 2) /Co 
o.8$Feo.i5 (1) /Nio.sFeo.2 (5) /Cu 
(1) 



C8 : FezOj (2 0) /C oo.gsF e 0 . is (2) /C 
u (2. 2) /Coo.ssFe o.is (1) /Nio.sFe 
0.2 (5) /Cu (1) 

C 9 : N i O/Coo.ssFeo ts (2) /Cu (2. 
2) /Coo.85Feo.i5 (1) /N i 0 . 8 Feo.2/Cu 
(1) 

C10: (FeasA lo.i) 2O3 (1 0) /Ni O (1 
0) /Coo.85Feo.i5 (2) /Cu (2. 2) /Co 
0. 85 F e 0. 15 ( 1 ) /N i 0. sF eo. 2/C u (1) 
ffr£LfcMR*^£*Jfi0Jl «tH«0*ffiT2 5 OtT 
3 0»BH»ffi3!Ufc. 

[0 10 8] *HS#«J2i:*<H«a)*JSTMRl*tt&» 

[0 10 9] 
[S3] 





MRU; 


Hp 


CI 


13.7 


12.2 


C2 


16.2 


38.5 


C3 


13.8 


15.5 


C4 


12.9 


23.5 


C5 


16.0 


36.0 


C6 


17.0 


22.5 


C7 


15.1 


25.3 


C8 


6.3 


7.6 


C9 


3.8 


5.4 


C10 


13.3 


17.7 



[0 110] £X±^Lfz£o\Z. *«^©tt»C 1 -C 
7 43cttXC 1 0(i, ft*#^i*&C8, C9Ktt^T, 

MRtt#*£<fc$. WCMRJtT 
teFe-Mn-OB, Fe-Co-Ol^f^^ 
*fctt»C li5<J:tfC 1 0l;:Jt^Ttt»C2-C7ttH 
p#*#^. »tHpTttFe-Co-Oli^«iT* 

[0 111] ^ttiRW^MRSR^tCO^TKWUfc 
±K*K0W>S, MRtJHPfcffijST* 

3. 

[0 1 12] (*Jfi«4) ^JS^Jl iH«0;frST. B 
3lC^-rxa7;i/Xbf>AVl/^JSOMR^3 0 0 ^rf^ 

[0 113] «Mft. A 1 / (Fe+Al) = 

0. 05/1, (Fe+Al) /0 = 1. 2-1. 6, 
Ti/ (Fe+Ti) =0. 05/L '(Fe+Ti) 
/0=1. 2-1. 6. Mn/ (Fe+Mn) =0. 0 
2/1, Co/ (Fe + Co) -=0. 2/lfcUfc. 
D 1 : Fe 2O3 (30) /Co (3) /Cu (2. 5) 
/Co (1) /N io.8Fe 0 .2/Co (1) /Cu 

(2. 5) /Co (3) /I r-Mn (8) 
D2 : Fe-A 1 -O (3 0) /Co (3) /Cu 

(2. 5) /Co (1) /N io.sFeo.2 (5) /Co 
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(1) /Cu (2. 5) /Co (3) /I r-Mn 
(8) 

D3 : Fe-A 1 -O (30) /Co (3) /Cu 
(2. 5) /Co (1) /Nio.sFeo.2 (5) /Co 
(1) /Cu (2. 5) /Co (3) /Fe-Co-O 
(3 0) 

D4 : Fe-Mn-O (30) /Co (3) /Cu 
(2. 5) /Co (1) /Nio.sFeo.2 (5) /Co 
(1) /Cu (2. 5) /Co (3) /Fe-Co-0 
(3 0) 

D 5 : N i O (10) /Fe-C o-O (2 0) /Co 
(3) /Cu (2. 5) /Co (1) /Nio.gFeo.2 
/Co (1) /Cu (2. 5) /Co (3) /Fe-C 
o-O (30) 

D6 :Fe-Ti-0 (30) /Co (3) /Cu 
(2. 5) /Co (1) /N io.sFeo.2/Co (1) 
/Cu (2. 5) /Co (3) /I r-Mn (8) 
D7 :Fe-Ti-0 (30) /Co (3) /Cu 
(2. 5) /Co (1) /Nio.gFeo.2 (5) /Co 
(1) /Cu (2. 5) /Co (3) /Fe-Ti-O 
(3 0) 

D8 :Fe-Ti-0 (30) /Co (3) /Cu 
(2. 5) /Co (1) /Nio.gFeo.2 (5) /Co 
(1) /Cu (2. 5) /Co (3) /Fe-Co-0 
(3 0) 

D9:Fe-Ti-0 (30) /Co (3) /Cu 
(2. 5) /Co (1) /N io.8F eo.2 (5) /Co 
(1) /Cu (2. 5) /Co (3) /NiO (30) 

Dll : Fe-A 1 -O (30) /Co (3) /Cu 
(2. 5) /Co (1) /Nio.sFeo.2 (5) /Co 
(1) /Cu (2. 5) /Co (3) /PtMn (2 

0) 

fco 4 (CiRT. 

[0 114] 
M4] 





MRU; 


01 


13.5 


D2 


205 


03 


23.9 


04 


28.0 


D5 


28.0 


06 


20.3 


D7 - 


20.8 


08 


26.2 


09 


21.5 


D10 


23.6 


011 


19.9 



[0115] a*«oK»D i tcit^x, *mm%m 
r. 



[0 116] cnti03TF e-U-om2(Dm\tM^ 

1 1 «MRJtd^^>/h* 1>#K«D 3 — D 5 > KftD 7 
- D 9 tCtfc^TfiftlElteWfSiJIl 6 0 h: >ih*«S»^# 

[0 117] Sfc, K»D3t±<H«(CUT> SSI 
5 *«*BttH 4 £^ Ufc 3 B<D«ttJia> bfc**^ ^© 
JWT (C ^i" M R fR^ * ff* L fc, 
D10 : Fe-A I -O (30) /Co (3) /Cu 

(2. 5) /Co (1) /N i 0 .8Feo.2 (1. 5) / 
Cu (0. 6) /Nio.sFeo.2 (1. 5) /Cu 

(0. 6) /Nio.gFeo.2 (1- 5) /Co (1) / 
Cu (2. 5) /Co (3) /Fe-Co-O (30) 

tt»tt)f<B««:*J^ fi8 0 0 A/m^e»2 5 
If 4 bx«Ji snfc 2 HK±C0«tt»^ e>««T* 

[0118] sfcBSDi i t£<mmzLT®femt 

LTCo (3) (OA*0(CK»«ee^L/fcCo (2) 
/Ru (0. 7) /Co (3) £ffl^fcTI5<0Dl 2£ 

f^&u k»di i tmmzwmLtztcz, mr& 

it. 3. SSSfiTl/fc^ HpttDll(D»3fitJS:o 
Ac 

D12 : Fe-A 1 - O (30) /Co (2) /Ru 

(0. 7) /Co (3) /Cu (2. 5) /Co (1) 
/Ni 0 .8Feo.2 (5) /Co (1) /Cu (2. 5) 
/Co (3) /Ru (0. 7) /Co (2) /Pt-M 
n (2 0) 

[0119] mmms) #5xsfi««*fc* 
i±<^«^j*T, aTK^TMR^sfpau*:. 

[0 12 0] E : Fe-C o-O (8) /Coo.ssFe 
0.15 (2) /Cu (2) / N ? o. 68 F e o. 20 C o 
0.12 (3) 

ffjSUtttftOSffiaStMRJtSrSSKlSf. d<0« 
d©8183U> STM (Scanning Tunneling microsc 
ope) Sffl^TMiLfc. 1 0mm£jcD&$£>SE± 
T> JKfE&lC 1 0 nmx 1 0 nm©X'J7S: 1 O^pJf! 
tf> &XU7Tgt>i^\S£<£l^CDg£^xU7<D 

[ 0 1 2 .1 ] 
»5] 
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SIffl#(nm) MRlfc(?tf) 

0.38 13.3 

0.45 12.9 

0.52 8.6 

0.68 4.3 

1.22 2.7 

[0 1 2 2] *5©l|g**^, SffifiStfO. 5nmJ^ 
[0 12 3] &ttm) *K«4TlW5fiUfctt»D7 

[0 12 4] CCD»^H8©jB»Rl 7tCtt^Xv» 
ffcffi"T?feitLfcJ»$ 2 nmOA 1 -OjSWRSJfl Wfc. 
X3-^S5l 6£ttB8«¥©Co-Nb-Z rS^t 

»RA>y h'com^ch. MR*?<hl,T3StS«5©tt 
SDl^^T, £<H«0#ffiTffrabfcMR^y K 

[0 12 5] 

[0 1 J *58W©SE*»^IRfl!)WrB<0*aH. 
C@2] *5e«©MR*^0»rffi©«5SBI. 
[0 3] iSEW^giJ^MRSR^Wrffi^ttaH. 
[04] **WOMR'\y H<0»rffiBI(0-«**-rH. 

[01] 



[0 5] *»W©MRA,yK©a«:H. 

[06] *mm<DMR'\y\ztmgLy : <<Z2<D-tm 

0o 

[0 7 A] *5591©lES'Vy F-»R^7 K©— W 
®0o 

[0 7 B] #5891©flS<DMR'V.y K<0HttHEL 

[0 8] *»M©Se>tC*fi<DMR'\^H0!)SrffiH. 

[0 9] *»»©MRAy K©HifiIg^T7 0— 5 1 

[010] **^©MR* : Fffl9©Hiixe«:^'r70 

[011] *»W(035»tt^lR©«i{fc:ffll8C!)-W*^T 

0o 

[012] (Fei-xT i x ) 2O3 (5 0) /C00.9F 
eo.i (10) l©Hc tHu a©xttStt$^-TH. 
[013] *^H^cr>MR^<OMRfi^(D-^J^^-r 

0o 

1 S« 

2 Fe-M-Ol 

3 &m&#m (@£J1) 

4 #GBteJI 

5 gU 

6 BfcBCttlMI 
9 MRifS 

1 0 T&v-^ K 

1 1 TS^K^ty^ 

12 A-KA-f7xa 

13 U-K»- 

14 iS^-^F**?:/ 
1 5 ±«->-;P K 

[02] 




._1 as 
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[0 3] 




1 8*5 



[0 5] [H6] 



30 31 32 
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L®8] 



19] 



20. 




FZZZZZZZ23 



81 3-?» 



9 MR**9 



( H» ) 



T9i>-»**+'jyU*mtt\ — S802 



|u-Kg13*»JX"l -S806 

| ±gy-A^I5*)Btt \T 3808 



[010] 



II 1] 



S803 



( ana ) 



m&m ts i ±ic Fe-M-o o jk * 9 - tv h « 

art v 9 'J > ?U T Fe-M-0S2*m^c 



i&15e&ltsT>MR£?99£!i;jK 



S901 



S902 



(3D 



ft 



Huo 'He 1 
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[01 2] 



[013] 



(b) 



8iH 




7U> hi- i/Oitfct 



